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INTRODUCTION

In obtaining this research project, the Virginia Department of Health noted it
currently faces both goals and barriersin its oversite of the onsite wastewater
program. Goals included: 1) to more thoroughly evaluate hydrologic factorsin
siting and designing wastewater disposal systems to minimize impacts on
surface and groundwater; 2) to better understand shallow seasonal water tables
to establish appropriate separation distances between septic systems and the
seasonal water tables; and 3) to better understand the role of soil and site
characteristics related to the potential transport of pathogens and nutrients from
septic systems, in order to target areas of greatest pollution susceptibility.

The research proposal also noted two barriersit facesin trying to achieve those
goals: 1) alack of information concerning seasonal water table behavior; and 2)
alack of soil hydrologic training for VDH staff working in the onsite wastewater
program.

This research project attempted to characterize selected soils from across
Virginiaasto their seasonal water table and soil morphologic features. In some
cases, the studies confirmed accepted beliefs about soil features and duration of
saturation, while in other situations it was demonstrated that there are additional
seasonal water indicators that are not universally accepted.

This report was 41.4% funded, by the Virginia Coastal Resources Management
Program at the Department of Environmental Quality through Grant
#NAB70Z0253-01 of the National Oceanic and Atmospheric Administration,
Office of Ocean and Coastal Resources Management, under the Coastal Zone
Management Act of 1972, as amended.

The views expressed herein are those of the authors and do no reflect the views
of NOAA or any of its subagencies.

METHODS AND MATERIALS

Research sites were selected in Coastal Zone countieswith afew sites in
western Virginia. The soil sites selected had a broad array of features and
properties. The number and type of monitoring wellsinstalled at each site was
determined based on soil characteristics.

Devices that were programmable and would record the water table level
automatically were purchased from Remote Data Sensing, Inc.** RDS
automated data loggers were either WL-20 wells (recorded water tables up to



** The mention of trade names, products or companies in this report does not
constitute an endorsement.



approximately 20 inches below the soil surface) or WL-40 wells (recorded water
tables up to approximately 40 inches below the surface). WL-20 wells were
typically used at sites where there was a shallow restrictive hodzon in the soil, so
the perched water table could be studied. WL-40 wells were used to monitor
soils with restrictive hodzons at greater depths or where an apparent water table
(coming up from below) was to be studied. Data loggers were typically
programmed to record the water table every 6 hours, but in some cases readings
were made every 3 hours or every 12 hours.

In addition to using automated monitoring wells, some research sites utilized
manual observation wells. The number of 'manual wells and their depth was
determined by soil and site characteristics.

When a site was to be used as part of the study, alarge diameter (4 inches) hole
was bored by hand in the soil to a depth of either 24 or 48 inches, depending on
whether aWL-20 or WL-40 well was to be installed. A small amount of clean pea
gravel or coarse sand was poured into the bottom of the boring. Each data

logger had a marking indicating the depth the well was to be set into the ground,
so the amount of gravel or coarse sand used in the bottom of the hole was
determined by that marking.. Once the well was established at the correct depth
in the ground, pea gravel or coarse sand was added around the outside to the

well casing. For WL-20 wells approximately 12-16 inches of pea gravel or coarse
sand was added around the well casing; for WL-40 wells approximately 40
inches of peagravel, or coarse, sand was added. Then 8-12 inches of bentonite
grout was poured into the annular space and water added, to create a water-tight
seal around the well casing. In some cases, the final few inches of the annular
space were backfilled with excavated soil from the borehole.

When amanual observation well was to be installed, alarge diameter (4 inches)
hole was bored by hand in the soil to the desired depth. * small amount of clean
peagravel or coarse sand was poured into the bottom of the boring. Two,inch
diameter PV C pipe was cut to the desired length and placed into the hole, with
an open end resting on the pea gravel or coarse sand at the bottom of the hole.

A threaded cap was screwed onto the top of the pipeto sedl it off. Pea gravel or
coarse sand was added around the outside of the well casing up to
approximately 12 inches from the ground surface. Then 8-12 inches of bentonite
grout was poured into the annular space and water added, to create a water-tight
seal around the casing. In some cases, the final few inches of the annular space
were backfilled with excavated soil from the borehole.

Onceinstalled, data loggers were programmed following procedures outlined by
RDS. At some sites, wells were camouflaged due to public access and the



potential for vandalism.



Onceinstalled, data logger sites were visited on a variable fequency, depending
on the such variables as the number of daily water table readings taken, weather
conditions, and the need to replace awell's battery.

‘At some point after well installation, a detailed soil profile description was made
at the research site. Soil descriptions were made from pits or auger bodngs.
Descriptions were made adjacent to the wells. When there were severa wells
located at a site and they were remote from each other, then separate soil profile
descriptions were made to characterize the soil adjacent to each of the separate
wells. USDA-NRCS standard nomenclature and procedures were used in soil
profile descriptions.

When data collection was underway, downloaded water table readings were
processed using Microsoft Excel. Data were analyzed to determine the number
of days the seasonal water table was in vadous depth ranges in the ground, and
the cumulative number of days each soil depth was saturated.

While this was one research project, it should be noted that there were four
individuals working independently on their research sites, in three physiographic
provinces across the state. As a consequence, some minor differences in writing
styles and anaylzatin of the results might be noted in the report. Phillip Cobb

studied Faceville, Jackland, Kelly, Nason-like, and Penn soils. Jay Conta studied
Emporia, Kinston, and Spotsylvania-like soils. Carl Peacock studied Ackwater,
Acredale,~ Dogue,~ Dragston,..Lenoir, Munden,~ NimmO, and Y emassee soils. Gary
Whitley studied Cotaco, Groseclose, Leaksville, McGary, and Zoar soils.

SOIL CONCLUSIONS AND REGULATORY RECOMMENDATIONS
ALTERNATE WATER TABLE INDICATORS:

Unmottled horizons (A,E, Btl) had free water for only short periods of time during
winter-spring periods. Sharp upward spikes of the water table into the unmottled
horizons lasted afew hoursto afew days during any given event Thisis based

on data from the Ackwater, Cotaco, Dogue, Emporia, Leaksville, and Munden
sites. In the case of one Emporia site, the unmottled Bt2 horizon had free water
init for several daysto several weeks at atime and was probably unmottled due

to saturated-aerobic conditions (due to rapid lateral water movement through the
site).

Horizons with morphologic features (redoximorphic features) such as chroma 3
and 4 mottles, and yellowish red or strong brown mottles, had free water present
for up to 3 months during the winter-spring periods. Thisis based on data from



the Ackwater, Cotaco, Dogue, Emporia, Leaksville, and Munden sites.



especially benefit from local, customized, soil morphology training. This group of
local staff has a high and personal interest in learning and sharing knowledge of
the local soils. Small group training for the local VDH environmental staff will be
provided.



Horizons with morphologic features (redoximorphic features) such as chroma 1
through 4 mottles and yellowish red and strong brown mottles, had free water
present for up to 4 months dudng the winter-spring pedods. Thisis based on
data from the Ackwater, Cotaco, Dogue, Leaksville, Munden, and Y emassee
Sites.

Gleyed hodzons with high chroma mottles (redoximorphic features) had free
water present for more than 4 months during the winter-spring periods. Thisis
based on data from the Acredale, Ackwater, Dogue, Dragston, Lenoir, Kinston,
Nimmo, and Y emassee sites.

Excessive precipitation contributes to the presence of free water that may be
shallower than the depth to redoximorphic features. This was evident in the
Ackwater, Acredale, Dogue, Dragston, Lenoir, Nimmo, and Y emassee soils. In
contrast to soils receiving excessive precipitation, numerous sites in the study
had below normal rainfall. Free water at these sites was below horizons
exhibiting soil wetnessindicators. Thisis based on data from the Spotsylvania-
like Sites.

AFFECTS OF LANDSCAPE POSITION ON THE WATER TABLE:

L andscape position can have a strong impact on the amount of groundwater any
given site might have. The Spotsylvania-like soil was nearly identical to the two
Emporia soils studied, . but was located on a shoulder position. It never had any
water in it. The Emporia soils (one on alower sideslope; one on a broad upland

landscape) had free water continuously present for 3-4 months.

Soils located on shoulder' positions or on a narrow summit will be significantly
drier than the same soil located on lower sideslopes or on broad (ie, lacking good
surface drainage) landscape positions. Implications are that soils which appear

to have severe limitations for an onsite septic system due to shallow mottling and
are located on shoulder or narrow summit positions, may have relic mottling and
would be good candidates for awater table monitoring test to assess their true
wetness.

Soilslocated in poor landscape positions (ie, lower sideslope or footslope with a
long upslope watershed; broad uplands lacking good.surface drainage) may be
wetter than their mottling might indicate. Soils with large upslope watersheds
may be wetter than their mottling patterns might indicate. This was seen at one
of the Emporia sites, and the Cotaco site.

RESTRICTIVE HORIZONS:



A restrictive horizon is a horizon that impedes the movement of groundwater,
especially downward. ” restrictive horizon commonly has a perched water table
above therestriction. ,The Virginia Sewage Handlin,q and Disposal Requlations



(2000) indicate that a restrictive horizon may be enough of asoil limitation to
reject asite for a septic system drainfield. A percolation test may be required to
confirm the extent of arestrictive hodzon. Also, the Regulations have some
differentiation between arestrictive horizon (impedes water movement) and an
impervious horizon (has a percolation rate greater than 120 minutes per inch.
Another way to view thisisthat all impervious hodzons are restrictive, but not all
restrictive horizons are impervious.

Perched water tables and slow permeabilitY caused by restrictive horizons can
reduce treatment of septic effluent and cause transport of pathogens and nitrates
into surface and subsurface horizons.

Many of the soilsin the water table study have restrictive horizons that perched
ground water for significant periods of time. The Leaksville, Zoar, McGary,
Emporia, Spotsylvania-like, Ackwater, Acredale, Jackland, and Kelly soils all
have pronounced restrictive horizons. These restrictive horizons have a spectrum
of features and properties. Generally the soils were restrictive because of heavy
clay textures, soil structure that limits permeability, dense and compact soil
materials, firmin place parent materials or weathered bedrock, or very plastic,
high shrink-swell clay horizons.

The Jackland and Kelly soils have very plastic, high shrink-swell clayey subsoil
horizons that perched water a majority of time. It appears that once the plastic Bt
horizons became wet, they basically stayed wet. The Jackland soil at times had a
perched water table within 12 inches of the soil Surface. This shallow depth does
not alow for a spray irrigation system, according the Virginia Sewage
Regulations.

The Emporia soil is one of the most widespread soils in the Coastal Plain, and
the Emporia soilsin the water table study had a perched water table for extended
periods. The restrictive horizons in Emporia soils can be deceptive at first glance
because the soil materials in the Bt horizons do not appear to be overly dense
and compact. However, most Emporia soils perch water extensively during the
winter and spring. For instance, the Emporia soils had perched water tables for
three to five months. The depth of the water table and its duration allow for use
of some of the aternative onsite systems that use pretreatment of the effluent.

The Leaksville soil, in the Danville Triassic basin, had a perched water table for
nearly four months dudng the water table study period. This soil had chroma 3
and 4 mottles that were accurate morphological features for predicting soil
wetness.



Ackwater soils have lower Bt horizons that are mottled with shades of red, yellow
and gray. These horizons are usually sandy clay loam to clay loam in texture

and are dense in place. Consistence is usualy firmin place. The firmness
restricts the permeability of the horizon and promotes perching of water above.



The presence of yellowish red and pale brown mottles above this horizon is
evidence of redoximorphic features.

Acredale soils have silty clay loam and silty clay Btg horizons that exhibit
prismatic structure. Water movement in this soil is limited to vertical movement.
The clays have moderate shrink-swell potential which further limits permeability.
The presence of prismatic structure, moderate shrink-swell potential and gleyed
conditions further reduces the soils ability to transmit water and air.

LITHOCHROMIC SOILS:

A general conclusion from the overall water table study is that lithochromic soils
need careful evaluation for determining drainfield suitability because water table
and soil wetness features may be masked or "lost” in the overall soil colors.
Lithochromic soils have dominant soil colorsthat are inherited from the
underlying parent rock.

The Triassic red bed soils are a good example where reddish brown soil colors
are dominantly inherited from underlying reddish brown shale, siltstone, or fine-
grained sandstone. Soil colorstypically are reddish brown throughout the profile.
In fact, when looking at a backhoe pit face from a short distance, it appears the
uniformly colored soil isvery thick and deep. A closer look usually reveals that
the A and B horizons only extend 20 to 40 inches below the soil surface, and the
rest is reddish brown weathered bedrock. The Penn soil in this water table study
isatypical example of these thin solum soils.

On the other end of the lithochromic scale are the black and gray graphite schist
soils weathered from metamorphic rocks of the Piedmont, and the black and gray
shale soils weathered from sedimentary rocks (Brailler and Millboro formations)
in the Ridge and Valley.

Lithochromic soils that are on subdued and low relief landforms make identifying
subtle soil wetness features even more important, because these fiat landforms
have little surface runoff. The Nason-like soil in this water table study had
dominantly gray colors from top to bottom that were inherited mostly from the
underlying gray graphite schist.. The Nason-like soil had significant soil wetness
throughout the water table study period. (Note: the typical Nason soil is
dominantly well drained and should not have soil wetness like the Nason-like
soil.) Some of this wetness may have been accentuated by the Nason-like soil.
being on the nearly level summit.

Aidsin determining drainfield suitability in lithochromic soils would include



avoiding marginal landscape positions and staying on at least slightly convex
landforms; paying attention to any minor soil wetness or redoximorphic feature in
the uniformly colored soils; carefully examining the soil and bedrock interface or
soil boundary to determine if there are any clues that indicate that downward



water movement is restricted (this would include increased accumulation of
clayey textures, presence of red, yellowish red, and strong brown mottles, and
manganese stains and coatings); visiting the site over three to four weeks,
boring afew auger holes and recording the depth of free water in the profile. A
better informed decision can then be made based on the aids above, especially
using the quick and informal water table over three to four. weeks.

MANGANESE:

Manganese appeared in the forms of stains, concretions and masses at three of
the selected sites. Manganese stains and very small concretions appear
throughout the profile in many upland, colluvial and terrace soilsin the central
and western sections of Virginia.

Groseclose isidentified as awell drained soil with manganese stains and
concretions present from 9 to 60 inches. With slightly below normal rainfall, a
lower sideslope position along the edge of a drainway, no water table was
observed for any significant period. Mottles were not present in the profile to
correlate with the manganese. In awell drained soil without mottles, manganese
did not indicate a potential water table problem.

Zoar isidentified as a moderately well drained soil with significant accumulations
of manganese in the forms of nodules (concretions) and masses. A subscript "c"
was attached to the master horizon designation between the depths of 23 to 76
inches. Mottles with 1 to 4 chroma were present and correlated to the

manganese depths, even in the bright soil matrix. However, due to the drought
and lack of awater table, no definitive statement may be made for the site.

The Cotaco siteisidentified as a somewhat poorly to moderately well drained
soil. Manganese was present in the form of soft masses near the surface and
hard nodules (concretions) in the lower profile depths. The soft masses correlate
with the 1 to 4 chroma mottles and the 2.5Y matrix. The water table graphs and
tables provide sufficient data to support the correlation. Soft manganese masses
with a pale matrix and 1 to 4 chroma mottles, are a clue of afluctuating water
table. The surface of the water table rises close to the surface and remains for an
extended period.

Few manganese stains and/or concretions are not satisfactory clues to denote
soil wetness because they occur in nearly all soils. From the upper range of
common (2% to 20%) or greater, manganese stains and concretions are better
wetness indicators. Normally, 20% manganese or higher content is often present
in a pale matrix and/or mottled horizon. Soft masses often appear higher in the



profile and close to the upper surface of the water table. Soft masses also
develop and help contribute to the browner color of the matrix and mottles.



SOIL DRAINAGE MANAGEMENT:

Soil drainage management is a part of the sewage regulations and is only
allowed in the Cities of Chesapeake and Virginia Beach. It was a political and
economic decision to allow ordedy development in the two cities with vast
acreages of poody drained (hyddc) soils. In order to use these soils, you must

(1) have at least 3 acres of uplands (excluding swamps, marshes, etc,), (2)
surround the drainfield area with ditches that have an invert 6 inches deeper than
the septic trenches, (3) maintain separation distances of 70 feet +/- 10 feet from
the ditches and the wastewater system and (4) utilize soils with textures coarser
than sandy clay, clay and silty clay.

The two soils studied were Acredale and Nimmo. Acredale soils typicaly have
silt loam and silty clay loam Btg horizons with inclusions of silty clay, prismatic
structure and moderately slow to slow permeability. Nimmo soils typically have
loam and sandy clay loam Btg horizons, subangular blocky structure and
moderately rapid permeabililty. Depth to sandy Cg horizonsis usually greater
than 60 inches in the Acredale and greater than 30 inches in the Nimmo. Family
placement classification of Acredale soilsis fine-silty while Nimmo is coarse-
loamy.

Acredale soils had free water within the footprint of the subsurface drainfield for
488 days or 72% of the time within the Btgl horizon (less than 18 inches) and
572-656 days or 84-96% of~ the. time in the Btg2 horizon (18 to 42 inches). Free
water, between the subsurface drainfield and the drainage ditches, was observed
251 days or 37% of the time within the Btgl horizon and 380-585 days or 56-
86% of the time in the Btg2 horizon.

Nimmo soils had free water within the footprint of the subsurface drainfield for 8-
50 days or 1-8% of the time within the Btgl horizon (less than 30 inches) and

112 days or 17% of the time in the Btg2 horizon (30-36 inches). Free water,
between the subsurface drainfield and the drainage ditches, was observed 17-96
days or 3-15% of the time within the Btgl horizon and 214 days or 32% of the'
time in the Btg2 horizon.

Due to the better permeability in Nimmo soils, the drainage plan to add treatment
potential by lowering water tables has been successful. The drainage plan at this
site has rendered this drainfield area comparable to that of awell drained soil.

On the other hand, the drainage plan for Acredale has been quite unsuccessful in
lowering the water table due to much slower permeability and adverse soil
structure. The area within the footprint of the wastewater system had saturated
conditions almost twice as long as the area outside the footprint. Comparatively,



even the site outside the footprint of the wastewater system in Acredale had
saturated'conditions more than three times that observed in the Nimmo soil.



POLLUTANTS

Several research sites had operating septic systems. The Emporia site with a
Puraflo system had seasonal wetness within the gravel pad and the underlying
standoff zone at least 1/2 to 2/3 of the time in winter-spring, or continuously for 3-
4 months. The Emporia site with a conventional septic system had the seasonal
water table in the standoff zone beneath the gravel trenches at least 1/2 to 3/4 of
the time in the winter-spring, or continuously for 3-4 months.

The Acredale site, under Soil Drainage Management, had a conventional septic
system. The water table was in the trenches or standoff zone beneath the gravel
trenches at least 3/4 of the time in the winter-spring period, or continuously for up
to 5 months,

While these septic systems were not operating in the designed or an approved
manner, there was no surfacing of effluent and its associated health risks.
However, there was potential contamination of the seasonal water table with
untreated or partially treated wastewater and its health and environmental
concerns (nitrates, pathogens). An additional concern at the Emporiasitesis
that if these systems seemed to avoid failure due to lateral water movement, that
same movement was transporting pollutants away from the. site. The size of the
pollutant plume and how far it extended from the site were not assessed during
this study.

These sites with their unique soil characteristics, landscape positions, or
manmade drainage should have had shallow, pretreatment alternative septic
systems installed on these lots. It is clear that quite a number of soil series and
specific landscape positions, which currently meet Health Department
requirements, are wetter and/or more restrictive than would allow for the proper
treatment and disposal of domestic wastewater. Minimum soil requirements for
issuing septic permits will be need to be reevaluated to ensure the proper design
and function of wastewater systems.

SOIL MORPHOLOGY TRAINING

The results and conclusions in the water table study will provide the basis for soil
morphology training on soil wetness features and water tables to environmental
health specialists working in the Virginia Department of Health onsite wastewater
program. The individual study sites are located throughout Virginia and will
provide ample opportunity for training, especialy for newly hired environmental
health specialists who are required to complete the week-long VDH Basic Soils
course. (The Virginia Tech soil scientists who authored this water table report



teach the Basic Soils course at |east two times ayear.)

The many environmental health specialists, supervisors, and managers who
were instrumental in locating study sites and securing permission to use them will






SOIL EVALUATED: Ackwater fine sandy loam
LOCATION:

This research site was located in the northern portion of Middlesex County,
Virginia. Refer to the accompanying portion .of the Wilton U.S. Geologic Survey
topographic map for the general character of the area. The accompanying
detailed site sketch shows the location of two automated WL -40 dataloggers on
thisresidential property.

RATIONALE FOR SITE SELECTION:

There were several reasons for using this site. First, the type of soil at the site,
Ackwater, represents a major soil type located over large areas in the state. To
study it would provide valuable information that could apply to numerous sites
considered for onsite septic systems. Second, while the Ackwater soil does not
meet Virginiacriteriato allow installation of a conventional gravity drainfield, it
does allow for permitting of certain alternative type systems. And finally, the
residence at this site employs an alternative onsite wastewater disposal system,
so awater table study would provide information on how well this alternative
septic system works in problem soils.

SOIL AND SITE INFORMATION:

The soil at this site formed in moderately fine textured, stratified, unconsolidated,
fluvio-marine sediments of the middle Coastal Plain. There was along, gently
sloping hillside that lies upslope of the site. The site was on the lower sidesl ope,
very near amajor drainageway and small pond. The wellswere located in a

small wooded area of mixed hardwoods and loblolly pine adjacent to. the
dwelling. Well # | was |located in the footprint of the Puraflo (peat moss) Biofilter
system and Well # 2 was |ocated 60 feet upslope of the system.

The published Soil Survey of Middlesex County, Vir.clinia, Michael E. Newhouse,
et. a., December 1985, shows the research site as being mapped as Ackwater

silt loam (1). Ackwater is a moderately well drained soil. The research site has
surface textures of fine sandy loam vs. the silt loam and coarser textures
throughout than is listed in the mapping unit. This would have been considered

an inclusion in the mapping unit.

A detailed soil profile description was made at the site' and isincluded. When
compared to the official soil series description for the Ackwater series (refer to
the Appendix), the soil at this site falls outside the range of characteristics. That



means the soil was not typical or representative of Ackwater soils. This soil had
less clay and silt in the Bt and Btg horizons than is allowed in Ackwater. This soil
siteismore' closely related to Slagle soils and islisted as an inclusion in the

Ackwater mapping unit.



Since the soil was unsuitable for a conventional gravity drainfield, a Puraflo (peat
moss) Biofilter system was permitted due to its reduced area requirements,
reduced standoff requirements to wetness indicators and experimental status.
This soil would have required a 12 to 16 inch standoff below trench bottom to
wetness indicators due 'to texture and permeability. The depth to wetness
indicators should have been 30 to 34 inches and this site had only 28 inches to
chroma 2 or less mottles. The 6 inches of %-1 inch diameter clean gravel was
installed at grade, the modules set on the gravel Pad, pipes connected and then
soil backfill material used to level and landscape the site.

CLIMATIC DATA FOR THE SITE:

Precipitation‘'was monitored at the site by the homeowner. This current data was
compared to the precipitation data published in the Soil Survey of Middlesex
Countv, Vir.giniareferenced above. This precipitation data from the home site
was used to evaluate rainfall during the study period. The precipitation
comparison graph shows how each month's rainfall total compares to the
monthly 29-year average (1961-1990).

It is apparent that 1999 was a very abnormal year. Hurricanes Dennis, Floyd and
Irene produced rainfall totals in excess of 18 inches during a six week period
from September 3 through October 18. For the March-June period, precipitation
was dlightly below normal with 1.34 inches short or 91%. For the July-December
period, precipitation was dramatically above normal. In fact, rainfall was 159% of
the long-term average for that period. Therefore, the water table levels at the site
would be expected to be shallower (nearer to the surface) than during ayear with
normal precipitation.

For the period January-June 2000, total precipitation was 1.58 inches above the
30-year average or 107%. That means that the water table levels wOuld be
expected to be normal at the site.

For the period July-December 2000, monthly rainfall was moderately above
normal. Precipitation was 8.95 inches above the 30-year average or 137%. That
means that the water table levels would be expected to be above normal at the
site.

For the period January-June 2001, total precipitation was 0.61 inches above the
30-year average or 103%. That means that the water table levels would be
expected to be normal at the site.

Sixteen of the twenty eight months (March, April, August, September and



October 1999, January, March, Apdl, May, July, August, September and
December 2000 and March, May and June 2001) had precipitation levels above
normal. For the entire study period of March 1999 through June 2001, overall



precipitation was 24.25 inches above the 30-year average or 122%. Water table
levels would be expected to be above normal at the site.

RESULTS:

Two automated data loggers were installed at the site on February 24,1999.
Wells were installed in the same soil, same landscape position and at the same
topographic elevation. Well # 1 was installed within the footprint of an operating
Puraflo wastewater system and Well # 2 was installed 58 feet away. Well # 2
was representative of the soil conditions at the Puraflo (peat moss) Biofllter
system site but was remote enough to be unaffected by the wastewater system.
Dueto operator error, Wells# 1 and # 2 were not programmed properly and the
collection of water table data did not commence until March 16,1999. There was
continuous data collection from the starting date until June 30, 2001 for both Well
#1and Well # 2.

The Ackwater soil at this site had pale brown (10Y R 6~3) and yellowish red (5YR
5/6) mottlesin ayellowish brown matrix from 24 to 28 inches in the Bt2 horizon
and yellowish red (5YR 5/6) and gray (10Y R 6/1) mottles (or iron depletions) in a
yellowish brown matrix from 28 to 42 inches in the Bt3 horizon. This Bt3 horizon
also had restrictive permeability. These characteristics make it .a moderately well
drained soil. These soils normally have a perched water table. The mottling at
shallower depthsin the Bt2 was suspected to be associated with the fluctuating
water table, perched above the Bt3 horizon.

The water table hydrograph of March - June, 1999 shows the presence of free
water in the soil within 12 inchesfor 0-1 day, 12-18 inches for 1-2 days, 18-24
inches for 1-3 days, 24-30 inches for 2-4 days, 30-36 inches for 5-7 days, 36-40
inches for 9-41 days and dry for 66-98 days. Rainfall for this period was above
average or 14.35 inches. March and April were above normal in precipitation but
May and June were below normal.

The March - June, 1999 Groundwater Data Table shows that the surface of the
free water for Well # 1 was below the A and E horizons for the time during this
107 day period, in the Bt1 horizon 1 day or 1% of the time, in the Bt2 horizon 2
days or 2% of the time and the Bt3 horizon 5-9 days or 5-9% of the time. The
Bt4 horizon was dry for 98 days or 92% of the time. For Well # 2, the surface of
the free water was in the A and E horizons 1 day or 1% of the time during this
107 day period, in the Bt1 horizon 2-3 days or 2-3% of the time, in the Bt2
horizon 4 days or 4% of the time and the Bt3 horizon 7-41 days or 6-38% of the
time. The Bt4 horizon was dry for 66 days or 62% of the time.



The water table hydrograph of July - December, 1999 shows the presence of free
water in the soil within 12 inches for 2-3 days, 12-!8 inches for 4-5 days, 18-24
inches for 6 days, 24-30 inches for 10-15 days, 30-36 inches for 15-28 days, 36-
40 inches for 52-63 days and' dry for 121-132 days. Rainfall for this period was



much above average or 38.85 inches. August, September and October were
above normal in precipitation but July, November and December were below
normal.

The July - December, 1999 Groundwater Data Table shows that the surface of

the free water for Well # 1 waSin the A and E horizons 2 days or 1% of the time
during this 184 day pedod, in the Bt1 horizon 5-6 days or 3% of the time, in the
Bt2 horizon 15 days or 8% of the time and the Bt3 horizon 28-52 days or 8-15%
of the time. The Bt4 horizon was dry for 132 days or 72% of the time. For Well #
2, the surface of the free water was in the A and E horizons 3 days or 2% of the
time during this 184 day period, in the Bt1 horizon 4-6 days or 2-3% of the time,
in the Bt2 horizon 10 days or 6% of the time and the Bt3 horizon 15-63 days or 8-
35% of the time. The Bt4 horizon was dry for 121 days or 65% of the time.

The water table hydrograph of January - June, 2000 shows the presence of free
water in the soil within 12 inchesfor 1-2 days, 12-18 inches for 3-4 days, 18-24
inches for 8 days, 24-30 inches for 16-31 days, 30-36 inches for 29-65 days, 36-
40 inches for 129-155 days and dry for 27-53 days. Rainfall for this period was
dlightly above average or 24.47 inches. January, March, April and May were
above normal in precipitation but February and June were below normal.

The January - June, 2000 Groundwater Data Table shows that the surface of the
free water for Well # 1 wasin the A and E horizons 1 day or 1% of thetime
during this 182 day period, in the Bt1 horizon 4-8 days or 2-4% of the time, in the
Bt2 horizon 31 days or 16% of the time and the Bt3 horizon 65-155 days or 35-
85% of the time. The Bt4 horizon was dry for 27 days or 15% of the time. For
Well # 2, the surface of the free water was in the A and E horizons 2 days or 1%
of the time during this 182 day period, in the Btl horizon 3-8 days or 2-5% of the
time, in the Bt2 horizon 16 days or 9% of the time and the Bt3 horizon 29-129
days or 16-71% of the time. The Bt4 horizon was dry for 53 days or 28% of the
time.

The water table hydrograph of July - December, 2000 shows the presence of free.
water in the soil within 12 inchesfor 0-2 days, 12-18 inches for 4-7 days, 18-24
inches for 10-13 days, 24-30 inches for 17-46 days, 30-36 inches for 30-123

days, 36-40 inches for 144-146 days and dry for 38-40 days. Rainfall for this
period was well above average or 33.35 inches. July, August, September and
December were above normal in precipitation but October and November were
below normal. October had no precipitation.

The July - December, 2000 Groundwater Data Table shows that the surface of
the free water for Well # 1 was below the A and E horizons for the time during



this 184 day period, in the Bt1 horizon 7-13 days or 4-7% of the time, in the Bt2
horizon 46 days or 25% of the time and the Bt3 horizon 123-146 days or 67-80%
of the time. The Bt4 horizon was dry for 38 days or 21% of .the time. For Well #
2, the surface of the free water wasin the A and E horizons 2 days or 1% of the



time during this 184 day period, in the Bt1 horizon 4-10 days or 2-6% of the time,
in the Bt2 horizon 17 days or 9% of the time and the Bt3 hodzon 30-144 days or
17-79% of the time. The Bt4 hodzon was dry for 40 days or 21% of the time.

The water table hydrograph of January - June, 2001 shows the presence of free
water in the soil within 12 inchesfor 0-1 daysl 12-18 inchesfor 2-8 days, 18-24
inches for 3-32 days, 24-30 inches for 7-84 days, 30-36 inches for 18-138 days,
36-40 inches for 90-156 days and dry for 25-91 days. Rainfall for this pedod was
above average or 23.5 inches. March, May and June were above normal in
precipitation but January, February and April were below normal.

The January - June, 2001 Groundwater Data Table shows that the surface of the
free water for Well # 1 was below the A and E horizons for the time during this
181 day period, in the Bt1 horizon 8-32 days or 4-17% of the time, in the Bt2
horizon 84 days or 46% of the time and the Bt3 horizon 138-156 days or 76-86%
of the time. The Bt4 horizon was dry for 25 days or 15% of the time. For Well #
2, the surface of the free water was in the A and E hodzons 1 day or 1% of the
time during this 181 day period, in the Bt1 hodzon 2-3 days or 1-2% of the time,
in the Bt2 horizon 7 days or 4% of the time and the Bt3 horizon 18-90 days or 10-
50% of the time. The Bt4 horizon was dry_for 91 days or 50% of the time.

CONCLUSIONS:

This site had precipitation levels above normal for 16 months of the 28 months
the study was conducted. Those sixteen months, March, April, August,
September and October, 1999; January, March, April, May, July, August,
September and December, 2000; and March, May and June, 2001; had totals of
107.52 inches, 42.33 inches above normal. That relates to 165% of normal
precipitation for the sixteen months. The total study pedod (28 months) had
134.52 inches. Based on the 25-year average, this relates to 122% of normal
precipitation.

As aresult of this above normal precipitation, free water was present for
significant periods of time during the study period. In addition, the depth to free
water was much shallower than where gray mottles were found in the soil. Once
the water table rose in the soil, it remained for an extended period of time.

Free water was observed in the Ap and E horizons for short periods of time and
was always associated with precipitous rises in the water table. For the entire
study period, free water was in these horizons for 3 to 9 days of the total 838
days or lessthan 1 percent of the time, though not continuously. There were no
soil morphological features that could be related to the presence of water in the



soil for the number of days observed.

Free water was observed in the Bt1 horizon for 30 to 60 days of the total 838
days dudng the entire study pedod and was always associated with sharp rises



in the water table. Thisrelatesto 4 to 7 percent of the time. There were no s°il
morphological features that could be related to the presence of water in the soil
for the number of days observed.

Free water was observed in the Bt2 hodzon for 54 to 178 days of the total 838
days during the entire study period and was always associated with sharp dses

in the water table. Thisrelatesto 6 to 21 percent of thetime. Yellowishred (5YR
5/6) and pale brown (10Y R 6/3) mottles were soil morphological features that
could be related to the presence of water in the soil for the number of days
observed.

Free water was observed in the Bt3 horizon for 467 to 518 days of the total 838
days during the entire study period and was always associated with sharp rises
in the water table. Thisrelates to 56 to 62 percent of thetime. Yellowishred (5YR
5/6) and gray (10Y R 6/1) mottles were soil morphological features that could be
related to the presence of water in the soil for the number of days observed.
Free water was observed in the Bt4 hOrizon for 320 to 371 days of the total 838
days during the entire study period and was always associated with sharp rises
in the water table. Thisrelates to 38 to 44 percent of the time. Y ellowish brown
(10YR 5/8), gray (10YR 6/1) and yellowish red (5Y R 5/6) mottlesin a mottled
matrix were soil morphological features that could be related to the presence of
water in the soil for extended periods of time.

The upper Bt horizon had no evidence of redoximorphic features (mottles) that
COuld be related to the presence of water in the soil for extended periods of time.
During the winter-spring time of the year, the seasonal water table was present in
the Bt1 horizon for less than 1/10 of the time.

The presence of yellowish red (5Y R 5/6) and pale brown (10YR 6/3)
redoximorphic features (mottles) were soil morphologic features that could be
related to the presence of water in the soil for extended periods of time. During
the winter-spring time of the year, the seasonal water table was present in the
Bt2 horizon for 1/15 to 1/4 of the time.

The presence of yellowish red (5YR 5/6) and gray (10Y R 6/1) redoximorPhic
features (mottles) were soil morphologic features that could be related to the
presence of water in the soil for extended periods of time. During the winter-
spring time of the year, the seasonal water table was present in the Bt3 horizon
for 1/2 to 2/3 of the time.

It must be remembered that when the surface of the water table wasin one of the
upper horizons such asthe Bt1,' Bt2 and Bt3 horizons, the Bt4 horizon was



saturated. Free water was observed in the Bt4 horizon for more than 2/3 of the
time. This horizon had yellowish red (5Y R 5/6) and gray (10YR 6/1)
redoximorphic features (mottles) in a mottled horizon.



Aswas noted earlier, this soil exceeded the minimum state requirements for a
conventional gravity drainfield based on soil morphology. Based on the period
studied, it is apparent that if a conventional septic system had been installed, the
gravel filled trenches (at a depth of 18 inches) would have been inundated with
free water for extended periods of time. Based on the state sewage regulations
in effect when the permit was issued, a 16 inch zone of suitable soil beneath the
gravel filled trenches would have been required (the "stand-off zone™) for
treatment and disposal of the wastewater. Based on this research, the seasonal
water table would have been in the "stand-off zone" at least 12% to 44% of the
time during a winter-spring period. Soil morphology indicated this soil was
unsuitable for a conventional gravity drainfield and the monitoring data taken
while there was above normal precipitation showed the soil was unsuitable.

A Puraflo (peat moss) Biofilter system wasinstalled at this site and it required a
"stand-off zone" of 24 inches beneath the surface. Based on this installation
depth, the seasonal water table would have periodically risen into the "stand-off
zone". Based on this research, the seasonal water table would have been in the
"stand-off zone" at least 3% to 9% of the time during a winter-spring period. It
should also be pointed out that the area beneath the Puraflo (peat moss) Biofilter
system has become wetter with time. Asthe study has progressed, the water
table mound has gained in height beneath the wastewater system. This type of
system uses a reduced footprint for wastewater disposal due to the high quality
of the wastewater. This could be an early sign of soil clogging beneath the
wastewater system. Further studies should be made.



Ackwater fine sandy loam

Profile for Well # 1: (WL40)
,~,--0 to 9 inches, mottled white (10Y R 8/1) and dark grayish brown (10YR 4/2)
loamy sand; single grained; loose, nonsticky, nonplastic.

E--9to 12 inches, light yellowish brown (10Y R 6/4) fine sandy loam; massive;
friable, slightly sticky, nonplastic.

Btl--12 to 24 inches, yellowish brown (10Y R 5~8) sandy clay |oam; weak medium
subangular blocky structure; friable, slightly sticky, slightly plastic.

Bt2--24 to 28 inches, yellowish brown (10Y R 5/8) sandy clay loam; many
medium distinct yellowish red (5Y R 5/6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; fdable, slightly sticky, sightly plastic.

Bt3--28 to 42 inches, yellowish brown (10Y R 5/8) clay loam; many medium
distinct yellowish red (5Y R 5/6) and gray (10Y R 6/1) mottles; moderate medium
subangular blockY structure; firm, sticky, sightly plastic.

Bt4--42 to 48 inches, mottled yellowish brown (10YR 5/8), gray (10YR 6/1) and
yellowish red (5Y R 5/6) sandy clay loam; weak medium subangular blocky
structure; friable, dightly sticky, sightly plastic.

Remarks:. This profile taken from an auger hole.
Profile for Well # 2: (WL40)

A--0to 3inches, dark grayish brown (10Y R 4/2) fine sandy loam; weak coarse
granular structure; friable, slightly sticky, nonplastic.

E--3to 12 inches, light yellowish brown (10Y R 6/4) fine sandy loam; massive,
friable, slightly sticky, nonplastic.

Btl1--12 to 24 inches, yellowish brown (10Y R 5/8) sandy clay loam; weak medium
subangular blocky structure; fdable, slightly sticky, slightly plastic.

Bt2--24 to 28 inches, yellowish brown (10Y R 5/8) sandy clay loam; many
medium distinct yellowish red (SY R 5/6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; friable, slightly sticky, slightly plastic.

Bt3--28 to 42 inches, yellowish brown (10Y R 5/8) clay loam; many medium



distinct yellowish red (5Y R 5/6) and gray (10Y R 6/1) mottles; moderate medium
subangular blocky structure; firm, sticky, dlightly plastic.



Bt4--42 to 48 inches, mottled yellowish brown (10YR 5/8), gray (10YR 6/1) and
yellowish red (5Y R 5/6) sandy clay |loam; weak medium subangular blocky
structure; friable, dlightly sticky, dlightly plastic.

Remarks: This profile taken from an auger hole.



Tablel - - Ackwater fine sandy loam Groundwater Data Table
March-June, 1999 (107 Days)

Wel #1 Well #2
Percent Percent

Depth  Number Percent Cumulative Cumulative! Number Percent ~CumulativelCumulative

Range(in.) of Days Time  Days Days of Days Time Days Days _

0-6 0 0 0 0 0 0 0 0
6.1,12 O 0 0 0 1 1 1 1
12.1-18 1 1 1 1 1 1 2 2
181-24 O 0 1 1 1 1 3 3
24.1-30 1 1 2 2 1 1 4 4
30.1-36 3 2 5 5 3 3 7 6
36.1-40 4 4 9 9 34 31 41 38

- Dry 98 92 107 100 66 62 107 100

Table 2 - - Ackwater fine sandy loam Groundwater Data Table
July-December, 1999 (184 Days)

Wel #1 Well # 2
Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 0 0 0 0 0 0 0 0
6.1-12 2 1 2 1 3 2 3 2
12.1-18 3 2 5 3 1 1 4 2
18.1-24 1 0 6 3 2 1 6 3
241-30 9 5 15 8 4 2 10 6

30.1-36 13 -1 28 15 5 3 15 8
36.1-40 24 13 52 28 48 26 63 35
Dry 132 72 184 100 121 65 184 100

Number of Days column refersto the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.



Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Table 3_- - Ackwater fine sandy loam Groundwater Data Table
JanUary-June, 2000 (182 Days)

Well # 1 Well # 2
Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 0 0 0 0 1 1 1 1
6.1-12 1 1 1 1 1 1 2 1
12.1-18 3 1 4 2 1 1 3 2
18.1-24 4 2 8 4 5 3 8 5

24.1-30 23 12 31 16 8 4 16 9
30.1-36 34 19 65 35 13 7 .29 16
36.1-40 90 50 155 85 100 55 129 71
Dry 27 15 182 100 53 28 182 100

Table 4 - - Ackwater fine sandy loam Groundwater Data Table
July-December, 2000 (184 Days)

Wel #1 Well # 2
Percent" Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 0 0 0 0 0 0 0 0
6.1-12 O 0 0 0 2 1 2 1
12.1-18 7 4 7 4 2 I 4 2
18.1-24 6 3 13 7 6 4 10 6

24.1-30 33 18 46 25 7 4 17 9
30.1-36 77 42 123 67 13 7 30 17
36.1-40 23 12 146 80 114 62 144 79
Dry 38 21 184 100 40 21 184 100

Number of Days column refersto the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.



DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided.by the number (normally 2, 4 or 8) of data logger readings per day.



Table 5 - - Ackwater fine sandy loam Groundwater Data Table
January-June, 2001 (181 Days)

Wel #1 Well # 2
I Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 0 0 0 0 0 0 0 0
6.1-12 O 0 0 0 1 1 1 1
12.1-18 8 4 8 4 1 I 2

18.1-24 24 13 32 17 1 I 3 2
24.1-30 52 29 84 46 4 2 7 4

30.1-36 54 29 138 76 11 5 18 10
36.1-40 18 10 156 86 172 40 90 50
Dry 25 15 181 100 91 50 181 100

Number of Days column refers to the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the
depth range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.
Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.
DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.
Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Middlesex County
Ackwater Fine Sandy Loam
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SOIL EVALUATED: Acredae silt loam
LOCATION:

This research site was located in the southern portion of the City of Virginia
Beach, Virginia. Refer to the accompanying portion of the Creeds U.S. Geologic
Survey topographic map for the general character of the area. The
accompanying detailed site sketch shows the location of two automated WL-40
dataloggers on this residential property.

RATIONALE FOR SITE SELECTION:

There Were several reasons for using this site. First, the type of soil at the site,
Acredale, represents amajor soil type located over large areas in the Cities of
Chesapeake and Virginia Beach. To study it would provide valuable information
that could apply to numerous sites considered for onsite septic systems.

Second, while the Acredale soil meets Virginiacriteriato allow installation of a
conventional gravity drainfield in the Cities of Chesapeake and Virginia Beach,
drainfields in this soil often do not work properly on ayear-round basis. And
finally, since hydric soils are not used in other parts of the state due to wetland
issues, this study could provide information on how well this subsurface septic
system worksin problem soils.

SOIL_ANDSITEINF,ORMATION:

The soil at this site formed in moderately fine textured, stratified, unconsolidated,
fluvio-marine sediments of the lower Coastal Plain. There was a broad, level to
nearly level fiat adjacent to the site. The site was also on a broad, level to nearly
level fiat. Well # 1 was located in the area of the subsurface conventional
drainfleld and Well # 2 was located between the drainfield and the surrounding
ditches.

The published Soil Survey of City of Virginia Beach, Vir.ginia, Danny R. Hatch,
et. a., September 1985, shows the research site as being mapped as Acredale
silt loam (1). Acredaleis apoorly drained soil.

A detailed soil profile description was made at the site and isincluded. When
compared to the official soil series description for the Acredale series (refer to the
Appendix), the soil at this site falls within the range of characteristics. That
means the soil wastypical or representative of Acredale soils.

Since the soil was suitable for a conventional gravity drainfield only by current



regulations (hydric soil - soil drainage management plan), the subSurface
conventional system had septic trenches 18 inches below the surface. These
trenches were 3 feet wide and 100 feet long. The drainfield must be surrounded
with ditches with inverts at least 6 inches deeper than the invert of the septic



trenches. The ditches must be 70 feet plus or minus 10 from the existing
drainfield and/or reserve area. The finished drainfield areaisto be capped and
crowned to encourage surface removal of water from the site.

CLIMATIC DATA FOR THE SITE:

Precipitation was monitored at the site by the homeowner. This current datawas
compared to the precipitation data published in the Soil Survey of City of Virginia
Beach, Virginiareferenced above. This precipitation data from the home site

was used to evaluate rainfall during the study period. The precipitation
comparison graph shows how each month's rainfall total compares to the
monthly 29-year average (1949-1978).

It is apparent that 1999 was avery abnormal year. Hurricanes Dennis, Floyd and
Irene produced rainfall totals in excess of 33 inches during a six week period
from September 3 through October 18. For the March-June period, precipitation
was dlightly above normal with 1.96 inches above or 115%. For the July-
December period, precipitation was dramatically above normal. In fact, rainfall
was 189% of the long-term average for that period. Therefore, the water table
levels at the site would be expected to be shallower (nearer to the surface) than
during ayear with normal precipitation.

For the period January-June 2000, total precipitation was 14.7 inches above the
29-year average or~ 173%. That means that.the water table, levels would, be
expected to be much above normal at the site.

For the period July-December 2000, monthly rainfall was above normal.
Precipitation was 3.35 inches above the 29-year average or 114%. That means
that the water table levels would be expected to be above normal at the site.

Fifteen of the twenty two months (March, April, May, June, July, August,
September and October 1999, January, April, May, June, July, August and
September 2000) had precipitation levels above normal. For the entire study
period of March 1999 through December 2000, overall precipitation.was 41.71
inches above the 29-year average or 151%.  Water table levels would be

expected to be above normal at the site.

RESULTS:
Two automated data loggers were installed at the site on February 19,1999.

Wells were installed in the same soil, same landscape position and at the same
topographic elevatiOn. Well # 1 was installed within the footprint of an operating



conventional subsurface drainfield wastewater system and Well # 2 wasinstalled
58 feet away. Well # 2 was representative of the soil conditions at the
conventional subsurface drainfield system site but was remote enough to be



unaffected by the wastewater system. There was continuous data collection from
the starting date until December 31, 2000 for both Well # 1 and Well # 2.

The Acredal~ soil at this site had a gleyed matrix of light brownish gray (10YR
6/2) with common yellowish red (5YR 5/6) and brownish yellow (10YR 6/6)
mottles from 10-12 inches to 18 inches. This Btgl horizon has silt |oam textures.
The Btg2 is silty clay loam from 18 to 42 inches and grayish brown (2.5Y 5/2)
with many yellowish red (5Y R 5/6) and brownish yellow (10Y R 6/6) mottles. The
Btg3issilty clay from 42 to 48 inches and gray (5Y 5/1) with many yellowish red
(5YR 5/6) and brownish yellow (10Y R 6/6) mottles. This so'il has restrictive
permeability below 18 inches that becomes more restrictive with depth. Acredae
isapoorly drained soil. This soil normally has a perched water table.

The water table hydrograph of February- June, 1999 shows the presence of free
water in the soil within 12 inches for 12-40 days, 12-18 inches for 49-85 days, 18-
24 inches for 83-114 days, 24-30 inches for 96-123 days, 30-36 inches for 104-
129 days, 36-40 inches for 109-132 days and dry for 0-23 days. Rainfall for this
period was above average or 15.4 inches. March, April, May and June were all
above normal in precipitation.

The February - June, 1999 Groundwater Data Table shows that the surface of
the free water for Well # 1 was in the Ap horizon 40 days or 30% of the time
during this 132 day period, in the Btgl horizon 85 days or 64% of thetime and
the Btg2 horizon 11.4-132 days or 86-100% of the. time. The. Btg3 horizon was.
saturated the entire time. For Well # 2, the surface of the free water wasin the
Ap horizon 12 days or 9% of the time during this 132 day period, in the Btgl
horizon 49 days or 37% of the time and the Btg2 horizon 83-109 days or 63-83%
of the time. The Btg3 horizon was dry for 23 days or 17% of the time.

The water table hydrograph of July - December, 1999 shows the presence of

free water in the soil within 12 inches for 8-133 days, 12-18 inches for 43-148
days, 18-24 inches for 72-166 days, 24-30 inches for 104-176 days, 30-36 inches
for 131-183 days, 36-40 inches for 142-184 days and dry for 0-42 days. Rainfall
for this period was dramatically above average or 46.2 inches, precipitation
during this six week period of the hurricanes was in excess of 33 inches. July,
August, September and October were above normal while November and
December were below normal in precipitation.

The July - December, 1999 Groundwater Data Table shows that the surface of
the free water for Well # 1 wasin the Ap horizon 112-133 days or 61-72% of the
time during this 184 day period, in the Btgl horizon 148 days or 80% of the time
and the Btg2 horizon 166-184 days or 90-100% of the time. The Btg3 horizon



was saturated the entire time. For Well # 2, the surface of the free water wasin
the Ap horizon 8-24 days or 4-13% of the time during this 184 day period, in the
Btgl horizon 43 days or 23% of the time and the Btg2 horizon 72-142 days or 39-
77% of the time. The Btg3 horizon was dry for 42 days or 23% of the time.



The water table hydrograph of January - June, 2000 shows the presence of free
water in the soil within 12 inchesfor 11-112 days, 12-18 inches for 93-151 days,
18-24 inches for 135-170 days, 24-30 inches for 156-182 days, 30-36 inches for
166-182 days and saturated below 36 inches for the entire pedod. Rainfall for
this period was dramatically above average or 34.8 inches. January, April, May
and June were above normal while February and March were below normal in
precipitation.

The January - June, 2000 Groundwater Data Table shows that the surface of the
free water for Well # 1 wasin the Ap hodzon 84-112 days or 46-62% of the time
during this 182 day period, in the Btgl hodzon 151 days or 83% of the time and
the Btg2 horizon 170-182 days or 94-100% of the time. The Btg3 horizon was
saturated 'the entire time. For Well # 2, the surface of the free water wasin the
Ap horizon 11-47 days or 6-26% of the time during this 182 day period, in the
Btgl horizon 93 days or 51% of the time and the Btg2 horizon 135-182 days or
74-100% of the time. The Btg3 horizon was saturated the entire time.

The water table hydrograph of July - December, 2000 shows the presence of free
water in the Soil within 12 inches for 17-65 days, 12-18 inches for 66-104 days,
18-24 inches for 90-127 days, 24-30 inches for 112-141 days, 30-36 inches for
128-151 days, 36-40 inches for 152-158 days and dry for 26-32 days. Rainfall for
this period was dlightly above average or 27.85 inches. July, August and
September were above normal while.. October, November. and December were
below normal in precipitation. October had no precipitation.

The July - December, 2000 Groundwater Data Table shows that the surface of
the free water for Well # 1 wasin the Ap horizon 47-65 days or 25-35% of the
time during this 184 day period, in the Btgl horizon 104 days or 56% of the time
and the Btg2 horizon 127-158 days or 69-86% of the time. The Btg3 hodzon was
dry for 26 days or 14% of thetime. For Well # 2, the surface of the free water
was in the Ap horizon 17-45 days or 9-25% of the time during this 184 day
period, in the Btgl horizon 66 days or 36% of the time and the Btg2 hodzon 90-
152 days or 49-83% of the time. The Btg3 horizon was dry for 32 days or 17% of
the time.

CONCLUSIONS:

This site had precipitation levels above normal for 15 months of the 22 months
the study was conducted. Those fifteen months, March, April, May, June, July,
August, September and October, 1999; and January, April, May, June, July,
August and September, 2000; had totals of 113.95 inches, 53.66 inches above
normal. That relates to 189% of normal precipitation for those 15 months. The



total study period (22 months) had 124.25 inches. Based on the 29-year
average, thisrelates to 151% of normal precipitation.



Because of dramatically above normal precipitation, free water was present for
significant periods of time during the study period at lower depthsin the soil. In
addition, the depth to free water was much shallower than was expected. Once
the water table rose in the soil, it remained for an extended pedod of time.

Free water was observed in the Ap hodzon for short periods of time and was
always associated with precipitous rises in the water table. For the entire study
period, free water was in this horizon for O to 350 days of the total 682 daysor O
to 51 percent of the time, though not continuouSly. There were no soil
morphological features that could be related to the presence of water in the soil
for the number of days observed, except for thickness.

Free water was observed in the Btgl horizon for 251 to 488 days of the total 682
days during the entire study period and was always associated with sharp rises

in the water table. Thisrelatesto 37 to 72 percent of thetime. Yellowishred (5YR
5~6) and brownish yellow (10Y R 6~6) mottlesin a gleyed matrix were soil
morphological features that could be related to the presence of water in the soil

for extended periods of time.

Free water was observed in the Btg2 hodzon for 308 to 472 days of the total 682'
days during the entire study period and was always associated with sharp rises

in the water table. Thisrelates to 45 to 69 percent of thetime. Yellowishred (5YR
5~6) and brownish yellow (10Y R 6~6) mottlesin a gleyed matrix were soil
morphological features that. could be related to the presence, of water in the soil
for extended periods of time.

The presence of yellowish red (5Y R 5~6) and brownish yellow (10Y R 6~6) mottles
in a gleyed matrix were redoximorphic features (mottles) that could be related to
the presence of water in the soil for some periods of time. During the winter-

spring time of the year, the seasonal water table was present in the Btgl horizon

for 112 to 3/4 of thetime.

It must be remembered that when the surface of the water table was in one of the
upper horizons such as the-Btgl horizon, the Btg2 horizon and lower horizons
were saturated for longer periods. Free water was observed in the Btg2 horizon
for 6/10 to 10/10 of the time. This horizon had yellowish red (5Y R 5~6) and
brownish yellow (10Y R 6~6) redoximorphic features (mottles).

Aswas noted earlier, this soil met the minimum state requirements for a
conventional gravity drainfield based on regulations in contrast to soil
morphology. Based on the period studied, it is apparent that the gravel filled
trenches (at a depth of 18 inches) for the existing conventional septic system



would have been inundated with free water for very long periods of time. Free
water was present in the trench area for 142 to 236 days or 45% to 75% of the
time during the winter-spring period. Based on the state sewage regulationsin
effect when the permit was issued, an 18 inch zone of suitable soil beneath the



gravel filled trenches would have been required (the "stand-off zone™) for
treatment and disposal of the wastewater. Based on this research, the seasonal
water table would have been in the "stand-off zone" at least 170 to 311 days or
54% to 100% of the time during a winter-spring period. Although soil morphology
indicated this soil was unsuitable for a conventional gravity drainfield, the
monitoring data taken while there was above normal precipitation showed the soil
was unsuitable.

It should be pointed out that the drainfield stayed saturated for a majority of the
time. This might be due to the slow permeability of the soil in reference to
wastewater input. Prismatic structure does not promote good permeability.



Acredale silt loam
Profile for Well # 1: (WL40)

Ap--0to 12 inches, dark grayish brown (10Y R 4/2) silt loam; weak medium
granular structure; very friable, slightly sticky, slightly plastic.

Btgl-12 to 16 inches, light brownish gray (10Y R 6/2) silt loam; common medium
distinct yellowish red (SYR 5/6) and brownish yellow (10Y R 6/6) mottles; weak
coarse prismatic structure parting to weak medium subangular blocky structure;
friable, slightly sticky, dlightly plastic.

Btg2-18 to 42 inches, grayish brown (2.5Y 5/2) silty clay loam; many medium
distinct yellowish red (5Y R 5/6) and brownish yellow (10Y R 6/6) mottles; weak
coarse prismatic structure parting to weak medium subangular blocky structure;
friable, sticky, plastic.

Btg3-42 to 48 inches, gray (5Y 5/1) silty clay; many medium distinct yellowish
red (5YR 5/6) and brownish yellow (10Y R 6/6) mottles, weak coarse prismatic
structure parting to massive; firm, sticky, plastic.

Remarks: This profile taken from an auger hole.
Profile for Well # 2: (WL40)

Ap--0to 10 inches, dark grayish brown (10Y R 4/2) silt loam; weak medium
granular structure; very friable, slightly sticky, slightly plastic.

Btgl-10 to 18 inches, light brownish gray (10Y R 6/2) silt loam; common medium
distinct yellowish red (5YR 5/6) and brownish yellow (10Y R 6/6) mottles; weak
coarse prismatic structure parting to weak medium subangular blocky structure;
friable, slightly sticky, dlightly plastic.

Btg2-18 to 42 inches, grayish brown (2.5Y 5/2) silty clay loam; many medium
distinct yellowish red (5Y R 5/6) and brownish yellow (10Y R 6/6) mottles; weak
coarse Prismatic structure parting to weak medium subangular blocky structure;
friable, sticky, plastic.

Btg3-42 to 48 inches, gray (5Y 5/1) silty clay; many medium distinct yellowish
red (5YR 5/6) and brownish yellow (10Y R 6/6) mottles, weak coarse prismatic
structure parting to massive; firm, sticky, plastic.



Remarks: This profile taken from an auger hole.



Tablel - - Acredale silt loam Groundwater Data Table
February-June, 1999 (132 Days)

Well #1 Well #2
Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range(in.) of Days Time .Days Days of Days Time Days Days
0-6 0 0 0 0 0 0 0 0
6.1-12 40 30 40 30 12 9 12 9
12.1-18 45 34 85 64 37 28 49 37
18.1-24 29 22 114 86 34 26 83 63
24.1-30 9 7 123 93 13 10 96 72
30.1-36 6 5 129 98 8 6 104 79
36.1-40 3 2 132 100 5 4 109 83
Dry 23 17 132 100 .

Table2 - - Acredale silt loam Groundwater Data Table
July-December, 1999 (184 Days)

Well #1 Well #2

Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 112 61 112 61 8 4 8 4
6.1-12 21 11 133 72 16 8 24 13
12.1-18 15 8 148 80 19 10 43 23
18.1-24 18 10 166 90 29 16 72 39

24.1-30 10 6 176 95 32 18 104 56

30.1-36 7 3 183 99 27 15 131 71

36.1-40 1 1 184 100 11 6 142 77
Dry ... 42 23 184 100

Number of Days column refers to the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range. '

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.



Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings per day.



Table3 - - Acredale silt loam Groundwater Data Table
January-June, 2000 (182 Days)

Well #1 Well #2
Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 84 46 84 46 11 6 11 6
6.1-12 28 16 112 62 36 19 47 26
12.1-18 39 21 151 83 46 25 93 51
18.1-24 19 11 170 9 42 23 135 74
24.1-30 12 6 182 100 21 12 156 86

30.1-36 ... 10 6 166 91
36.1-40 ... 16 9 182 100
Dry ...

Table 4 - - Acredale silt loam Groundwater Data Table
July-December, 2000 (184 Days)

Well #1 Well #2

Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 47 25 47 25 17 9 17 9
6.1-12 18 10 65 35 28 15 45 25
12.1-18 39 21 104 56 21 12 66 36
18.1-24 23 12 127 69 24 13 90 49
24.1-30 14 8 141 76 22 12 112 61
30.1-36 10 6 151 82 16 9 128 70
36.1-40 7 4 158 86 24 13 152 83
Dry 26 14 184 100 32 17 184 100

Number of Days column-refers to the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well



recorded no water in the hole.
Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings per day.
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SOIL EVALUATED: Cotaco silt loam
LOCATION:

This research site was located in the northern section of Roanoke County,
Virginia. Refer to the accompanying portion of the U.S. Geologic Survey Salem
topographic map for the general character of the area. The portion of the
topographic map shows the location of a WL-40 series automated data logger.

RATIONALE FOR SITE SELECTION:

There were severa reasons for using this site. First, during the past several

years several consultants have submitted this property as suitable for an onsite
system only to have the local health department reject their proposals. One of the
consultants during the summer months noted the "dryness of the site" after rain
events as being proof of suitability for an onsite system. Second, the county EHS
and myself thought we were interpreting the soil mottles correctly and the data
logger information would provide a second opinion. Third, manganese and more
importantly soft manganese nodules that were easily crushed with little finger
pressure were present. | interpret soft manganese as being an indicator of

current soil conditions, believing the soft masses are better as indicators than the
firm masses or concretions. Fourth, with accurate readings of actual water table
depths, tbe possibility of using a new alternative system for the site improves.

SOIL AND SITE INFORMATION:

The soil at this site formed in moderately fine textured alluvia and colluvial
material derived from sandstone, shale and siltstone. Cotaco soils are found on
low stream terraces or low colluvia benches. This site was located on along.
footslope about 70 feet from a small stream. The site has a large watershed
upslope of the well installation. A WL-40 series automated datalogger was
installed in pine woods with honeysuckle undergrowth.

The published soil survey, Soil Survey of Roanoke County and the Cities of
Roanoke and Salem, Virginia, E. P. Ealy, Jr., et a., 1997, shows the research
site as being mapped as Weikert-Berks complex. Cotaco soils are moderately
well drained and deeper to rock than Weikert soils. So this site was an inclusion
in the mapping unit and thought to be closer to the Cotaco series.

An auger soil profile description was made at the site and is included. When
compared to the official soil series description for the Cotaco series (refer to the
Appendix), the soil at this site may fall within the range of characteristics, with the



possible exception of clay content. That means the soil was typical or
representative of Cotaco soils.



While the soil was not suitable for a conventional gravity drainfield, there was
hope of finding a possible aternative type system using the water table
information produced by the datalogger.

CLIMATIC DATA FOR THE SITE:

The site was less than 7 miles from the Roanoke Regional Airport, where official
NOAA weather data were Collected, so precipitation data from the airport was
used to evaluate rainfall during the study period. The precipitation comparison
graph shows how each months rainfall total compares to the monthly 29-year
averages (1961-1990).

It is apparent that for the October-December 1999 period, precipitation was Well
below normal. In fact, rainfall was only 57% of the long-term average for that
three month span. For the year of 1999, precipitation totaled 30.9 inches, or 77%
of normal, compared to long term average of 39.8 inches. Therefore, the water
table levels at the site would be expected to be shallower (nearer to the surface)
during afall with normal precipitation.

For the period January-June 2000, total precipitation was only | -inch belOw the
29-year average. That means that the water table levels would be expected to

be representative of normal conditions at the siteif it had not been for the
dryness of 1999.

Eor the period July-December 2000, monthly rainfall was 4.5 inches or 11%
below normal. It is noteworthy that only 0.01 inches of rain was recorded for the
entire month of October 2000, making it the driest October since data collection
began at the Roanoke Regional Airport. The October-December 2000 period
was extremely dry. In fact, rainfall was only 41% of the long-term average for
that 3 month span. That dry fall situation was very similar to moisture conditions
noted for the October-December 1999 period. Therefore, the water table levels
at the site would be expected to be much shallower during afall with normal
precipitation. The years of 1999 and 2000 were dry and the water tables were
depressed or lowered by the drought conditions.

For the period January-April 2001, monthly rainfall was generally below normal.
Therefore, the water table levels at the site would be expected to be shallower
during awinter and spring with normal precipitation.

Except for afew exceptional wet months the overall precipitation situation was
one of below normal to near drought conditions. It should be noted that the
original project completion date was extended due to severe drought conditions



in most of the state during 1999. Theyear 2000 was well below normal.
Therefore, 1999 the year proceeding the study period; the year 2000 and the first



few months of the 2001study period had significantly below normal rainfall. In
reality there was insufficient rainfall to recharge the water tables at the site.

RESULTS:

An automated WL -40 data logger was installed on this site on February 11, 2000.
The well was installed in the area proposed by the consultants. The well site was
representative of the soil conditions at the site. There was continuous data
collection from the starting date until Apdl 2001.

The Cotaco soil at this site had common light brownish gray (2.5Y 6/2) mottles
(or iron depletions) below 7 inchesin the Btl horizon. Inthe A, E and Btl
horizons soft manganese masses were present. Olive yellow (2.5Y 6/6) mottles
were aso present in the E and Bt1 and Bt2 horizons. Normally, it would be
assumed that the seasonal water table would be below 7 inches, while there
might be brief periods where it was above that depth. Several soil descriptions
did not list the grays until a deeper depth and some descriptions had chroma 3
mottles instead of chroma 2 mottles. These soils probably have both types of
water tables; perched and one that rises from the lower depths.

The horizons between the depths of 18 inches and 54 inches had clay loam and
clay textures. Each horizon had a consistence described as very firm. Very firm
clay and clay loam horizons would be considered restrictive to downward water
movement through the soil profile. The mottling at shallower depthsin the E and
13tl horizons was suspected to be associated with the fluctuating seasonal water
table. During the augering process the profile was described as difficult to auger
between the depths of 18 and 54 inches.

A quick review of the hydrograph for February-June, 2000 shows the level of the
water table. The last three months of 1999 and the first three months of 2000
were very dry, with only 63% of normal precipitation. The graph depicts some
water ponding or presence above the surface. | have witnessed ponded water at
this site on several occasions.

With normal rainfall or above average rainfal the water would have pushed any
septic effluent to the soil surface. Any timethe VDH is considering a site wetter
than normal thisinformation would suggest requiring a pretreatment type system.

The Cotaco Groundwater Data Table lists the water table levels being present
within the 0-6 inch depth for 28 days. And in the 12-18 inch depth range where
drainfleld trenches are normally installed, atotal of 82 days of water table
presence was indicated. Again the last three months of 1999 were dry. January,



anormally wet month was also dry. If that time period had experienced normal
precipitation the water table would probably have been within normal installation
depth for over 100 days. Lower than normal precipitation and arapid drop in the



free water level starting in eady May corresponds to shrubs and trees | eafing-out
and arapid increase in the evapotranspiration rate at the site. The recorded

levels by the data logger dropped for part of May and all of June, except for afew
spikes of rapid water table rise and fall.

The February-June 2000 Groundwater Data Table showed that free water was in
the installation and separation distances (36 inches) for 114 of the 142-day study
period. The seasonal water table was shallower than the depth to gray mottles at
least 20% of the time for this monitoring period. The reality was that for February
'thru mid-May, the seasonal water table was nearly always shallower than the
depth to gray mottlesin the soil.

The July-December 2000 hydrograph shows predominately dry hole readings,
from July thru December. There were brief rapid risesin the water table in July,
August and Septemb'er and then the hole remained dry until the end of the year.
However, because of dry conditionsin October thru December 2000, the brief
spikes did not rise to as shallow a soil depth or remain shallow for aslong a
period as during the normal wet winter and spring months.

The July-December 2000 Groundwater Data Table showed that free water was
within the 36-inch installation and standoff depths for 19 days. During the dry
months the water table was present only 17% of the time it had been present
during the first part of the year. With lower precipitation totals the water table
remained depressed. During the last 1/4 of the year the water table was always
thirty inches deeper than the depth to gray mottlesin the soil.

The January-April 2001 hydrograph shows mainly dry hole readingsin early
January. In mid to late January there was one large spike with water rising to 10
'inches below the surface. After that water levels slowly descended to the 35-inch
level and remained near that depth until late March. In late March a sharp spike
raised water table levels above the soil surface. Water levels remained above ten
inches into April when the study ended. There were three spikes or risesin the
free water table level during the 93-day period.

Free water was only bdefly present in the Bt1 horizon during the three sharp
rises in the water table during the 93-day period. Water was in the Bt1 horizon
about 16 days, or 19% of the time during this 93-day period. The upper depths of
the Bt2 had a similar wetness period. Only when one examines the data at the 30
to 36 inch depth was there a significant increase in the number of wet days. The
water table was in the lower Bt2 horizon 74 days or 80% of the time. This depth
would correspond to part of the separation distance required if a normal
installation depth of 18 inches would have been considered at this site.






CONCLUSIONS:

This site had precipitation levels well below normal for the majority of the study
period. In spite of that, there was free water present for significant periods of
time during the winter and spring. In addition, during summer months the depth
to free water was often much deeper than where gray mottles were observed in
the soil. Once the water table rose in the sall, it stayed up for an extended period
of time during winter months.

Free water was observed in the E and Bt1 horizons for extended periods of time
during the winter months. In the February to June 2000 period water was
present 82 daysin the 12 to 18 inch depth range. If data had been collected in
January, the data could have had an extra 20 to 30 days added to the total.

There were soil morphologic features that could be related to the presence of
water in the soil for the period observed. Under normal precipitation it would be
expected that the seasonal water table would be in the E and Bt1 horizons for
Significantly longer periods of time.

In other words, the clues present at this site were often overlooked. Several of
the profiles had pale mottles, 2.5Y hue colors and the presence of soft
manganese masses. Soft manganese masses are a strong indicator of active
water tables. Hard manganese concretions may represent water tables of an
older weather period.

The yellow mottlesin the E and Bt1 horizons suggest fluctuating water table
levels. The light brownish gray (2.5Y 6/2) mottles appearing in the Bt1 horizon
from 7 to 18 inches are a clue to the soil wetness or water table levels.

Reviewing the February-June 2000 hydrograph or corresponding groundwater
table for that period, 54 days of the 142-day period had water levels between 7
and 18 inches. If January data were available many additiona "number and
cumulative" days would probably be added to the total wet days for that
February-June time period. If the January data were available even shallow
placement type systems would probably be eliminated from consideration for this
Site.

Any type of system considered for such sites should at a minimum require
pretreatment because the wastewater from the system will be pushed or carried
back to the surface by the rising water tables during years with near normal
precipitation levels. Astechn(~logy improvesin the future a satisfactory system
design may become available for such wet sites.

The location of this site was on alow bench or'terrace on a long footslope, with a



large upslope watershed, that contributed to how wet the soil was. During the
winter-spring periods when plants were dormant and exapotranspiration was very
low, groundwater not held in the soil moved downslope towards this site.



Aswas noted earlier, this soil did not meet the minimum state requirements for a
conventional gravity drainfield, based on soil morphology and landscape position.
Y et the location has had drainfleld proposals submitted to the local VDH by
consultants. From the .groundwater tables and hydrographs presented, it is
apparent that if a conventional septic system had been installed, the gravel filled
trenches (at a depth of 18 inches) would have been inundated with free water for
long periods of time leading to quick failures. Based on this research, the

seasonal water table would have been in the "stand-off zone" at least 1/2 to 3/4

of the time during awinter-spring period. Soil morphology indicated this soil was
not suitable for a conventional gravity drainfield and fifteen months of monitoring
data taken while there was below normal precipitation, showed the soil was
unsuitable.

In reality the VDH should require the use of water table studies from December
through May for sites that appear to have water table features as distinguished

by soil morphology clues. Dudng the drier summer and fall months the water
table sometimes drops enough and may not be a concern. In other words the
critical time for water table levels to be noted is during the wet part of the year or
winter months.

The Virginia Department of Health should adhere to the proven soil morphol ogy
‘clues to determine water table levels unless water table studies are conducted
during normal precipitation levels. The department needs to redefine the use of
manganese as awater table clue. If soft manganese masses are present, an

active water table is present. If hard concretions are present then maybe the
upper end of common (2 to 20%) or many (>20 %) concretions should be
required as proof. Many good soilsin Virginia, in the Piedmont and Limestone
Valleys have manganese concretions present high in the profile and are situated
on steep slopes where water tables are not present.



Cotaco silt loam
Profile for Well # 1 (WL 20)

A--0to 2 inches, dark brown (10Y R 4/3) silt loam; moderate fine granular
structure.

E--2 to 7 inches; light yellowish brown (2.5Y 6/4) sandy clay loam; yellow (2.5Y
7/6) mottles; weak fine blocky structure; slightly firm; .5 inch soft manganese
masses; saturated.

Bt1--7 to 18 inches, light yellowish brown (2.5Y 6~4) sandy clay loam; light
brownish gray (2.5Y 6/2) and olive yellow (2.5Y 6/6) mottles; firm; .5 inch soft
manganese masses and stains; 2% rock fragments, saturated.

Bt2--18 to 41linches; mottled; light brownish gray (2.5Y 6/2), gray (10YR 5/1),
yellowish brown (10Y R 5/6), yellow (2.5Y 7/6), clay loam; very firm; 5% percent
rock fragments, manganese concretions, hard to auger.

Bt3--41 to 48 inches, mottles; light brownish gray (2.5Y 6/2), gray (10YR 5/1),
yellow (2.5Y 7/6), yellowish brown (10Y R 5/6), clay; very firm, manganese
concretions, 5% rock fragments; hard to auger, soil tears apart.

Cg--48 to 54 inches, gray (10YR 5/1) light brownish gray (2.5Y 6/2) clay; very
firm, manganese concretions, hard to auger, soil tears apart.

Soil may be massive in structure below 18 inches. Difficult to auger between 18
and 54 inches. Water fills the auger hole almost to the surface immediately after
augering. Water was perching between the soil surface and eighteen inches.

Remarks: This profile description taken from an auger hole located in a stand of’
pine trees with honeysuckle underbrush.



Table 1 - - Cotaco silt loam Groundwater Data Table
February - June, 2000 (142 Days)
Bennet Springs, Data Logger Well # 1

Well #1

Percent
Depth Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days
0-6 28 20 28 20
6.1-12 27 20 55 39
12.1-18 27 20 82 58
18.1-24 10 7 92 65
24.1-30 9 6 101 70
30.1-36 13 10 114 80
36.1-39.8 20 14 134 94
39.9.43.6(Dry) 8 6 142 100

Table 2 - - Cotaco silt loam Groundwater Data Table
July - December, 2000 (184 Days)
Bennet Springs, Data Logger Well # 1

Well #1
Percent

Depth Number Percent Cumulative Cumulative

Range (in.) ‘'of Days Time Days Days

0-6 0 0O O 0

6.1-12 0 0O O 0

12.1-18 I 1 1 1

18.1-24 3 2 4 2

24.1-30 4 2 8 4

30.1-36 11 6 19 10

36.1-39.7 39 21 58 32

39.8-41.8(Dry) 126 68 184 '100
Number of Days column refers to the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the depth
range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present within



the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of datalogger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Table 1 - - Cotaco silt loam Groundwater Data Table
January - April, 2001 ( 93 Days)
Bennet Springs, Data Logger Well # 1

Well #1
Percent

Depth Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days
0-6 7 6 7 6

6.1-12 5 5 12 13

12.1-18 4 4 16 19

18.1-24 1 1 17 19

24.1-30 8 9 25 27

30.1-36 49 54 74 80

36.1-39.8 2 2 76 82
39.9-41.4(Dry) 17 19 93 100

Number of Days column refers tothe number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the depth
range. :

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refersto the percent of total time the water was present within

the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
ran. ge divided by the number (normally 2, 4 or 8) of data logger readings per day.
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SOIL EVALUATED: Dogue fine sandy |loam
LOCATION:

This research site was located in the central portion of the City of Suffolk,
Virginia. Refer to the accompanying portion of the Buckhorn U.S. Geologic
Survey topographic map for the general character of the area. The
accompanying detailed site sketch shows the location of two automated WL-40
dataloggers on this residential property.

RATIONALE FOR SITE SELECTION:

There were several reasons for using this site. First, the type of soil at the site,
Dogue, represents a major soil type located over large areasin the state. To

study it would provide valuable information that could apply to numerous sites
considered for onsite septic systems. Second, while the Dogue soil meets
Virginiacriteriato allow installation of an alternative type system, it is unsuitable
for a conventional gravity drainfield because this soil type often does not work
properly on ayear-round basis. And finally, the residence at this site employs an
alternative onsite wastewater disposal system (elevated Wisconsin mound), so a
water table study would provide information on how well this alternative
wastewater system worksin problem soils.

SOILAND-SI-[E.INEORMAT-ION:

The soil at this site formed in very fine textured, stratified, unconsolidated, fluvio-
marine sediments of the middle Coastal Plain. There was a broad, nearly level

fiat adjacent to the site. The site was on the low ridge, very near a small
drainageway. The wells were located in the yard, vegetated with fescue-type

lawn grasses.

The published Soil Survey of City of Suffolk, Virginia, Earl J. Reber, et. a., June,
1981, shows the research site as being mapped as Eunolaloamy fine sand, 0 to

2 percent slopes (8A). Eunole is a moderately well drained soil. The research site
has finer or more clayey textures throughout than is listed in the mapping unit.
Thiswould have been considered an inclusion in the mapping unit.

A detailed soil profile description was made at the site and isincluded. When
compared to the official soil series description for the Eunole series (not in the
Appendix), the soil at this site falls outside the range of characteristics. That
means the soil was not typical or representative of Eunole soils. The soil at the
research site more closely relates to Dogue fine sandy loam, 0 to 2 percent



slopes (5A) (refer to the Appendix). This soil had more clay and silt in the Bt and
Btg horizons than is allowed in Eunole. This soil siteis more closely related to
Dogue soils and is listed as an inclusion in the Eunole mapping unit.



Since the soil was unsuitable for a conventional gravity drainfield, amodified
Wisconsin Mound system was permitted due to insufficient depth of suitable soils
to wetness characteristics. This soil would have required a 16-inch standoff

below trench bottom to wetness indicators due to texture and permeability. The
depth to wetness indicators should have been 34 inches and this site had only 18
inches to chroma 2 or less mottles. The modified system has an additional 6
inches of height for additional treatment due to less standoff within the soil to
wetness indicators.

CLIMATIC DATA FOR THE SITE:

The site was less than 4 miles from the Tidewater Agricultural Research and
Extension Center at Holland, where official weather data are collected.
Precipitation data from the research center was used to evaluate rainfall during
the study period. The precipitation comparison graph shows how each month's
rainfall total compares to the monthly 68-year average (1933-2001).

It is apparent that 1999 was avery abnormal year. Hurricanes Dennis, Floyd

and Irene produced rainfall totalsin excess of 31 inches during a six week period
from September 3 through October 18. For the January-June period,
precipitation was slightly below normal with 1.80 inches short or 92%. For the
July-December period, precipitation was dramatically above normal. In fact,
rainfall was 190% of the long-term average for that period. Therefore, the water
table levels at the site for the. year preceding:the study would be expected to be
shallower (nearer to the surface) than during a year with normal precipitation.

For the period January-June 2000, total precipitation was 3.55 inches above the
68-year average or 116%. That means that the water table levels would be
expected to be slightly above normal at the site.

For the period July-September 2000, monthly rainfall was slightly below normal.
Precipitation for the three months was 0.20 inches below the 68-year average or
99%. That means that the water table levels would be expected to be normal at
the site.

Five of the nine months (January, April, May, June and August 2000) had
precipitation levels above normal. For the entire study period of January-
September of 2000, overall precipitation was 2.52 inches below the 68-year
average or 93%. Water table levels would be expected to be normal at the site.

RESULTS:



Two automated data loggers well were installed on February 10, 2000. Wells
wereinstalled in the same soil, same landscape position and at the same
topographic elevation. Well # | wasinstalled in the footprint of the elevated



Wisconsin mound and Well # 2 was installed about 220 feet away. Well # 2 was
representative of the soil conditions at the Wisconsin mound site but was remote
enough to be unaffected by the wastewater system. There was continuous data
collection from the starting date until September 8, 2000 for Well # 2 and June
15, 2000 for Well # 1. Well # 1 was broken by the homeowner mowing grass.

The Dogue soil at this site had common light gray (10Y R 7/1) mottles (or iron
depletions) below 18 inches in the Bt2 horizon, making it a moderately well
drained soil. Normally, it would be assumed that the seasonal water table would
be below 18 inches, while there might be brief periods where it was above that
depth. These soils normally have a perched water table. Yellowishred (5YR

5/6) and pale brown (10Y R 6/3) mottles were found in the top of the Bt horizon at
12 inches. The Bt2 and Bt3 horizons were restrictive. The mottling at shallower
depthsin the Btl and Bt2 hodzons was suspected, to be associated with the
fluctuating seasonal water table.

The water table hydrograph of February -. June, 2000 shows the presence of free
waterin the soil within 12 inches for 35-49 days, 12-18 inches for 69-71 days, 18-
24 inches for 89-100 days, 24-30 inches for 107-114 days, 30-36 inches for 117-
130 days, 36-40 inches for 124-139 days and dry for.2 days. Well # 1 had free
water closer to the surface for alonger period of time due to contributions to
groundwater from the wastewater system. Precipitation was above normal during
this period being 116 percent of normal. This wetness was observed above the
chroma 2 or less mottles. The water levels dropped after April 1 due to shrubs
and trees leafing-out and arapid increase in the evapotranspiration at the site
except during precipitation events.

The February - June, 2000 Groundwater Data Table shows that the surface of
the free water for Well # | was in the Ap horizon 49 days or '39% 'of the time
during this 126 day period, in the Bt1 horizon 71 days or 56% of thetime, in the
Bt2 horizon 98-117 days or 78-93% of the time and the Bt3 horizon 124 days or
98% of the time. The Btg horizon was dry for 2 days or 2% of the time. For Well
# 2, the surface of the free water was in the Ap horizon 35 days or 25% of the
time during this 141 day period, in the Bt1 horizon 69 days or 49% of the time, in
the Bt2 horizon 100 days or 71% of the time and the Btg horizon 114-139 days or
81-99% of the time. The lower Btg hodzon was dry for 2 days or 2% of the time.

The water table hydrograph of July - September, 2000 shows the presence of
free water in the soil within 12 inchesfor 17 days, 12-18 inches for 29 days, 18-
24 inches for 39 days, 24-30 inches for 50 days, 30-36 inches for 56 days," 36-40
inches for 59 days and dry for 11 days. This wetness was observed above the
chroma 2 or less mottles. Precipitation was 1.28 inches above normal or 122



percent of normal.

The July - September, 2000 Groundwater Data Table shows that the surface of
the free water for Well # 2 wasin the Ap horizon 17 days or 24% of the time



during this 70 day period, in the Bt1 hodzon 29 days or 42% of the time, in the
Bt2 horizon 39days or 56% of the time and the Btg horizon 50-59 days or 72-
85% of the time. The lower Btg horizon was dry for 11 days or 45% of the time.

CONCLUSIONS:

This site had precipitation levels dightly above normal for 4 months of the 8
months the study was conducted. Those four months, April, May, June and
August, had totals of 22.91 inches, 5.83 inches above normal. That relates to
134% of normal precipitation for the four months. The total study period (8
months) had 35.98 inches. Based on the 68-year average, thisrelatesto 104%
of normal precipitation.

In spite of near normal precipitation, free water was present for significant
periods of time during the study period. In addition, the depth to free water was
much shallower than where gray mottles were found in the soil. Once the water
table rose in the sail, it remained for an extended period of time.

'Free water was observed in the Ap horizon for fairly long periods of time and was
always associated with precipitous rises in the water table. For the entire study
period, free water was in this horizon for 49 to 52 days of thetotal 211 daysor 23
to 25 percent of the time, though not continuously. There were no soil
morphological .features, that could be,. related to the presence, of water, in the sail
for the number of days observed.

Free water was observed in the .Bt1 horizon for 71 to 98 days of the total 211
days during the entire study period and was always associated with sharp rises

in the water table. Thisrelates to 34 to 46 percent of thetime. Yellowishred (5YR
5/6) and pale brown (10Y R 6/3) mottles were soil morphological features that
could be related to the presence of water in the soil for the number of days
observed.

Free water was observed in the Bt2 and Bt3 horizons for 98 to 129 days of the
total 211 days during the entire study period and was always associated with
sharp risesin the water table. Thisrelatesto 46 to 61 percent of the time.
Yellowishred (5YR 5/6) and light gray (10YR 7/1) mottles were soil
morphological features that could be related to the presence of water in the soil
for the number of days observed.

Free water was observed in the Btg horizon for 164 to 211 days of the total 211
days during the entire study period and was always associated with sharp rises
in the water table. Thisrelatesto 78 to 100 percent of the time. Yellowish red



(5YR 5/6) and brownish yellow (10Y R 6/6) mottlesin agleyed matrix were soil
morphological features that could be related to the presence of water in the soil
for extended periods of time.



The presence of yellowish red (5YR 5/6) and pale brown (10YR 6/3)
redoximorphic features (mottles) were soil morphologic features that could be
related to the presence of water in the soil for extended periods of time. During
the winter-spring time of the year, the seasona water table was present in the
Bt1 horizon for 1/3 to 1/2 of the time. The presence of restrictive hodzons deeper
in the profile contributes to the longevity of the seasonal saturation.

It must be remembered that when the surface of the water table wasin one of the
upper horizons such as the Bt1, the Bt2 and lower horizons were saturated. Free
water was observed in the Bt2 and Bt3 horizons for 1/2 to 3/5 of the time. These
horizons had yellowish red (5YR 5/6) and light gray (10YR 7/1) redoximorphic
features (mottles).

Redoximorphic features (mottles) in the Btg horizon were exhibited as yellowish
red (5YR 5/6) and brownish yellow (10Y R 6/6) mottlesin a gleyed matrix. Since
this was the lowest horizon in the profile and gleyed, the seasonal water table
would be expected to have alonger duration than the upper horizons.

Aswas noted earlier, this soil exceeded the minimum state requirements for a
conventional gravity drainfield based on soil morphology. Based on the period
studied, it is apparent that if a conventional septic system had been installed, the
gravel filled trenches (at a depth of 18 inches) would have been inundated with
free water for extended periods of time. Based on the state sewage regulations
in effect when the permit was issued, a 16 inch zone of suitable soil beneath the
gravel filled trenches would have been required (the "stand-off zone™) for
treatment and disposal of the wastewater. Based on this research, the seasonal
water table would have been in the "stand-off zone" at least 49% to 93% of the
time during a winter-spring period. Although soil morphology indicated this soil
was unsuitable for a conventional gravity drainfield, the monitoring data taken
while there was slightly above normal precipitation showed the soil was
unsuitable.

An elevated Wisconsin mound 'system was installed at this site and it required a
"stand-off zone" of 18 inches beneath the surface. Based on thisinstallation
depth, the seasonal water table would have periodically risen into the " stand-off
zone". Based on this research, the seasonal water table would have been in the
"stand-off zone" at least 49% to 56% of the time during a winter-spring period.



Dogue fine sandy |loam
Profile for Well # 1: (WL40)

Ap--0to 12 inches, brown (10Y R 5/3) sandy loam; many fine and medium
prominent yellowish red (5Y R 5/6) mottles, weak coarse granular structure
parting to single grain; very friable, nonsticky, nonplastic.

Btl--12 to 18 inches, brownish yellow (10Y R 6/6) sandy clay |oam; common
medium distinct yellowish red (5Y R 5/6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; friable, slightly sticky, slightly plastic.

Bt2--18 to 36 inches, brownish yellow (10Y R 6/6) clay loam; common medium
and coarse prominent yellowish red (5YR 5/6) and light gray (10YR 7/1) mottles;
moderate medium subangular blocky structure; friable, sticky, slightly plastic.

Bt3--36 to 42 inches, mottled brownish yellow (10YR 6/6), .yellowish red (5YR
5/6)'and light gray (10Y R 7/1) clay loam; moderate medium subangular blocky
structure parting to weak medium platy strUcture; firm, sticky, plastic.

Btg--42 to 48 inches, light gray (10YR 7/1) clay loam; many medium and coarse
prominent brownish yellow (10Y R 6/6) and yellowish red (5Y R 5/6) mottles;
massive; firm in place; firm, sticky, plastic.

Remarks: This profile taken from an auger hole.
Profile for Well # 2: (WL40)

Ap--0to 12 inches, dark grayish brown (10Y R 4/2) .fine sandy loam; weak coarse
granular structure; friable, nonsticky, nonplastic.

Btl--12 to 18 inches, brownish yellow (10Y R 6/6) sandy clay loam; many
medium distinct yellowish red (5Y R 5/6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; friable, slightly sticky, slightly plastic.

Bt2--18 to 24 inches, mottled brownish yellow (10YR 6/6), yellowish red (5YR
5/6) and light gray (10YR 7/1) clay loam; moderate medium subangular blocky
structure; firm, dightly sticky, sightly plastic.

Btg--24 to 48 inches, light gray (10YR 7/1) clay loam; many medium and coarse
prominent brownish yellow (10Y R 6/6) and yellowish red (5Y R 5/6) mottles;
massive; firm in place; firm, sticky, plastic.



Remarks: This profile taken from an auger hole.



Tablel - - Dogue fine sandy loam Groundwater Data Table
January-June, 2000 (141 Days)

Well #1 Well #2
Percent Percent
Depth Number Percent Cumulative Cumulative Number perCent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 22 17 22 17 6 4 6 4
6.1-12 27 21 49 39 29 21 35 25
12.1-18 22 17 71 56 34 24 69 49

18.1-24 27 21 98 78 31 22 100 71
24.1-30 9 7 107 85 14 10 114 81
30.1-36 10 9 117 93 16 11 130 92
36.1-40 7 6 124 98 9 6 139 99

Dry 2 2 126 100 2 2 141 100

Table 2 - - Dogue fine sandy |loam Groundwater Data Table
July-September, 2000 (70 Days)

Well #1 Well #2
Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 5 7 5 7

- 6.1-12 12 17 17 24

12.1-18 12 17 29 42

18.1-24 10 15 39 56

24.1-30 11 16 50 72

30.1-36 6 8 56 80

36.1-40 3 5 59 85

Dry 11 15 70 100

Number of Days column refersto the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the' number of readings (converted to days) where the monitoring well
recorded no water in the hole.



Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.
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SOIL EVALUATED: Dragston fine sandy loam
LOCATION:

This research site was located in the central portion of Northampton County,
Virginia. Refer to the accompanying portion of the Nassawadox U.S. Geologic
Survey topographic map for the genera character of the area. The
accompanying detailed site sketch shows the location of two automated WL-40
dataloggers on this residential/commercial property. This property provides
single family housing for low income residents.

RATIONALE FOR SITE SELECTION:

There were several reasons for using this site. First, the type of soil at the site,
Dragston, represents amajor soil type located over large areas in the state. To
study it would provide valuable information that could apply to numerous sites
considered for onsite septic systems. Second, while the Dragston soil does not
meet Virginiacriteriato allow installation of a conventional gravity drainfield,
alternative wastewater systems requiring less standoff to limitations are
available. And finally, the residence at this site employs an alternative onsite
wastewater disposal system, so awater table study woUld provide information on
how well this alternative septic system works in problem soils.

SOILAND_SITEINEORMATION:

The soil at thissite formed in mOderately coarse textured, stratified,
unconsolidated, fiuvio-marine sediments of the lower and middle Coastal Plain.
The site was in the low depression with dlightly higher uplands nearby. The wells
were located in a small wooded area and small clearing, with Well # 1 located in
the footprint of the Puraflo pad and Well # 2 |ocated 70 feet away in a mixed
hardwood area.

‘The published Soil Survey of Northampton County, Vir.ginia, Phillip R. Cobb,
et.al., August 1989, shows the research site as being mapped as Dragston fine
sandy loam, O to 2 percent slopes (DrA). Dragston is a somewhat poorly drained
soil.

A detailed soil profile description was made at the site and isincluded. When
compared to the official soil series description for the Dragston series (refer to
the Appendix), the soil at this site falls within the range of characteristics. That
means the soil wastypical or representative of Dragston sails..



Since the soil was unsuitable for a conventional gravity drainfield, a Puraflo (peat
moss) Biofilter system was permitted due to its reduced area requirements, less
standoff requirements to seasonal wetness and experimental status. The 6
inches of %-1 inch diameter clean gravel wasinstalled at grade, the modules set



on the gravel pad, pipes connected and then soil backfill material used to level
and landscape the site.

CLIMATIC DATA FOR THE SITE:

The site was approximately 9 miles from the Eastern Shore Agricultural
Research and Extension Center at Painter, where official weather data are
collected. Precipitation data from the research center was used to evaluate
rainfall during the study period. The precipitation comparison graph shows how
each month's rainfall total compares 'to the monthly 59-year average (1942-
2001).

It is apparent that 1999 was an abnormal year. Hurricanes Dennis, Floyd and
Irene produced rainfall totals in excess of 14 inches during a six week period
from September 3 through October 18. For the January-June period, precipitation
was normal with 20.98 inches. For the July-December period, precipitation was
above normal. In fact, rainfall was 5.24 inches above normal or 124% of the
long-term average for that period. Therefore, the water table levels would be
expected to be above normal at the site.

For the period January-June 2000, total precipitation was 0.13 inches below the
59;year average or 99%. That means that the water table levels would be
expected to be normal at the site.

For the period July-December 2000, total precipitation was 2.28 inches above the
59-year average or 110%. That means that the water table levels would be
expected to be slightly above normal at the site.

For the period January-June 2001, total precipitation was 0.63 inches below the
59-year average or 97%. That means that the water table levels would be
expected to be normal at the site.

Sixteen of the thirty months (January, March, June, August, September, October
1999, January, April, May, June, July, August, September 2000 and March, May
and June 2001) had precipitation levels above normal. For the entire study
period of January 1999 through June 2001, overall precipitation was 6.86 inches
above the 59-year average or 106%. Water table levels would be expected to be
dlightly above normal at the site.

RESULTS:

Two automated data loggers were installed at the site on February 12,1999.



Wells were installed in the same soil, same landscape position and at the same
topographic elevation. Well # 1 was' installed within the footprint of an operating
Purafio wastewater system and Well # 2 was installed 66 feet away. Well # 2
was representative of the soil conditions at the Puraflo (peat moss) Biofilter



system site but was remote enough to be unaffected by the wastewater system.
Due to operator error, Well # 2 was not programmed properly and the collection
of water table data did not commence until March 14,1999. There was
continuous data collection from the starting date until July 14, 2000 for Well # 1
and December 6, 2000 for Well # 2. Well # | was vandalized and did not
function after July 14, 2000.

The Dragston soil at this site had a mottled matrix of pale brown (10Y R 6/3), light
brownish gray (10Y R 6/2) (or iron depletions) and strong brown (7.5YR 5/6) in
the top of the Bt hodzon at 12 inches, making it a somewhat poorly drained soil.
Btg horizons start at 30 inches with a Cg horizon at 42 inches. These soils
normally have an apparent water table, which comes up from the bottom during
precipitation events and goes down during dry pedods.

The water table hydrograph of February- June, 1999 shows the presence of free
water in the soil within 12 inchesfor 13-15 days,' 12-18 inches for 26-28 days, 18-
24 inches for 34-38 days, 24-30 inches for 40-56 days, 30-36 inches for 51-70
days, 36-40 inches for 72-82 days and dry for 22-48 days. Rainfall for this period
was average or 20.98 inches. March and June were above normal in

precipitation but April and May were below normal.

The February - June, 1999 Groundwater Data Table shows that the surface of

the free water for Well # 1 wasin the Ap and E horizons 15 days or 12% of the

time dur~ing~this__ 13 1~, day.period,,_in~.the~ Bt _horizon.28-.56 days. or 21-43% of the.-
time and the Btg horizons 70-82 days or 54-63% of the time. The Cg horizon

was dry for 48 days or 37% of the time. For Well # 2, the surface of the free

water was in the Ap and E horizons 13 days or 14% of the time during this 94

day period, in the Bt horizon 26-40 days or 28-42% of the time and the Btg

hodzons 51-72 days or 55-76% of the time. The Cg horizon was dry for 22 days

or 23% of the time.

The water table hydrograph of July - December, 1999 shows the presence of free
water in the soil within 12 inchesfor 9 days, 12-18 inches for 12-13 days, 18-24
inches for 22-23 days, 24-30 inches for 37-39 days, 30-36 inches for 60-69 days,
36-40 inches for 85-139 days and dry for 45-99 days. Rainfall for this period was
above average or 27.06 inches. Precipitation during the six week period of the
hurricanes was 15.26 inches but only 5.24 inches above normal for the entire six
month period. Most of the remainder of the time was well below normal rainfall.

The July - December, 1999 Groundwater Data Table shows that the surface of
- the free water for Well # 1 was in the Ap and E horizons 9 days or 5% of the time
during this 184 day period, in the Bt horizon 13-37 days or 7-20% of the time and



the Btg horizons 60-85 days or 33-46% of the time. The Cg horizon was dry for
99 days or 53% of the time. For Well # 2, the surface of the free water wasin the
Ap and E horizons 9 days or 5% of the time, in the Bt horizon 12-39 days or 7-



21% of the time and the Btg horizons 69-139 days or 38-75% of. the time. The Cg
horizon was dry for 45 days or 25% of the time.

The water table hydrograph of January - June, 2000 shows the presence of free
water in the soil within 12 inches for 20 days, 12-18 inches for 38-40 days, 18-24
inches for 73-74 days, 24-30 inches for 111-119 days, 30-36 inches for 158-163
days, 36-40 inches for 180-182 days and dry for 0-2 days. Rainfall for this period
was dightly below average or 20.85 inches.

The January - June, 2000 Groundwater Data Table shows that the surface of the
free water for Well # 1 wasin the Ap and E' horizons 20 days or 11% of the time
during this 182 day period, in the Bt horizon 40-111 days or 21-61% of the time
and the Btg horizons 158-180 days or 87-99% of the time. The Cg horizon was
dry for 2 days or 2% of the time. For Well # 2, the surface of the free water was
in the Ap and E horizons 20 days or 11% of thetime, in the Bt horizon 38-119
days or 21-65% of the time and the Btg horizons 163-182 days or 89-100% of the
time. The Cg horizon was not dry for this monitoring period.

The water table hydrograph of July - December, 2000 shows the presence of free
water in the soil within 12 inchesfor 0 days, 12-18 inches for 0-2 days, 18-24
inches for 0-10 days, 24-30 inches for 0-31 days, 30-36 inches for 0-60 days, 36-
40 inches for 8-159 days and dry for 0-6 days. Rainfall for this period was
dightly above average or 24.10 inches.

The July - December, 2000 Groundwater Data Table shows that the surface of
the free water for Well # 1 was never in the Ap, E, Bt nor Btg 1 horizons during
this 14 day period but was in the Btg2 horizon 8 days or 57% of thetime. The Cg
horizon was dry for 6 days or 43% of the time. For Well # 2, the surface of the
free water was never in the Ap nor E horizons during the 159 day period but was
in the Bt horizon 2-31 days or 1-19% of the time and the Btg horizons 60-159
days or 38-100% of the time. The Cg horizon was not dry for this monitoring
period.

CONCLUSIONS:

This site had precipitation levels dramatically above normal for 12 months of the
23 months the study was conducted. Those twelve months, March, June, August,
September and October, 1999; January, April, May, June, July, August and
September, 2000; had totals of 67.45 inches, 23.54 inches above normal. That
relates to 154% of normal precipitation for the twelve months. The total study
period (23 months) had 88.76 inches. Based on the 59-year average, thisrelates
to 113% of normal precipitation.



In spite of near normal precipitation, free water was present for significant
periods of time during the study period. In addition, the depth to free water was



much shallower than where gray mottles were found in the soil. Once the table
rose in the sail, it remained for an extended period of time.

Free water was observed in the Ap and E horizons for fairly long periods of time
and was always associated with precipitous dses in the water table. For the
entire study period, free water was in these horizons for 42 to 44 days of the tota
656 days or 6 to 9 percent of the time, though not continuously. There were no
soil morphological features that could be related to the presence of water in the
soil for the number of days observed.

Free water was observed in the Bt horizon for 63 to 229 days of the total 656

days during the entire study period and was always associated with sharp rises

in the water table. Thisrelates to 10 to 40 percent of the time. Pale brown (10YR
6~3), light brownish gray (10Y R 6~2) and strong brown (7.5Y R 5~6) mottles were
soil morphological features that could be related to the presence of water in the

soil for the number of days observed.

Free water was observed in the Btgl horizon for 288 to 343 days of the total 656
days during the entire study period and was always associated with sharp rises

in the water table. Thisrelates to 52 to 56 percent of the time. Strong brown
(7.5YR 5~6) and pale brown (10Y R 6~3) mottlesin a gleyed matrix horizon were
soil morphological features that could be related to the presence of water in the
soil for the number of days observed.

Free water was observed in the Btg2 horizon for 355 to 552 days of the total 656
days during the entire study period and was always associated with sharp rises

in the water table. Thisrelates to 69 to 84 percent of the time. Strong brown
(7.5YR 5~6) and pale brown (10Y R 6~3) mottlesin a gleyed matrix horizon were
soil morphological features that could be related to the presence of water in the
soil for the number of days observed.

The presence of pale brown (10Y R 6/3), light brownish gray (10YR 6/2) and
strong brown (7.5Y R 5/6) redoximorphic features (mottles) were soil morphologic
features that could be related to the presence of water in the soil for extended
periods of time. During the winter-spring time of the year, the seasonal water
table was present in the Bt horizon for 1/5 to 6/10 of the time.

It must be remembered that when the surface of the water table was in one of the
upper horizons such as the Bt, the Btgl and lower horizons were saturated. Free
water was observed in the Btgl horizon for 3/4 to 8/10 of the time and 8/10 to
9/10 of the time in the Btg2 horizon. These horizons had strong brown (7.5YR
5/6) and pale brown (10Y R 6/3) redoximorphic features (mottles) in agleyed



matrix.

Redoximorphic features (mottles) in the Cg horizon were exhibited as strong
brown (7.5Y R 5/6) and pale brown (10Y R 6/3) mottlesin a gleyed matrix. Since



this was the lowest horizon in the profile and gleyed, the seasonal water table
would be expected to have alonger duration than the upper horizons.

Aswas noted earlier, this soil exceeded the minimum state requirements for a
conventional gravity drainfield based on soil morphology. Based on the pedod
studied, it is apparent that if a conventional septic system had been installed, the
gravel filled trenches (at a depth of 18 inches) would have been inundated with
free water for extended periods of time. Based on the state sewage regulations
in effect when the application was submitted, a 6-inch zone of suitable soil
beneath the gravel filled trenches would have been required (the " stand-off
zone") for treatment and disposal of the wastewater. Based on this research, the
seasonal water table would have been in the "stand-off zone" at least 35% to
39% of the time during a winter-spring period. Although soil morphology
indicated this soil was unsuitable for a conventional gravity drainfield, the
monitoring data taken while there was above normal precipitation showed the soil
was unsuitable.

Since the soil was unsuitable for a conventional gravity drainfield, a Puraflo (peat
moss) Biofilter system had been installed at the site. Based on the state sewage
regulations in effect when the permit was issued, a 12-inch zone of suitable soil
beneath the soil surface would have been required (the "stand-off zone") for
treatment and disposal of the wastewater. Based on this research, the seasonal
water table would have been in the "stand-off zone" at least 12% of the time
during awinter-spring period.



Dragston fine sandy loam
Profile' for Well # 1. (WL40)

Ap--0to 9 inches, mottled white (10Y R 8/2) and dark grayish brown (10Y R 4~2)
loamy sand; single grained; loose, nonsticky, nonplastic.

E--9to 12 inches, light yellowish brown (10Y R 6/3) fine sandy loam; massive;
friable, nonsticky, nonplastic.

Bt--12 to 30 inches, mottled pale brown (10Y R 6/3), light brownish gray (10YR
6/2) and strong brown (7.5Y R 5/6) loam; weak medium subangular blocky
structure; friable, dlightly sticky, dlightly plastic.

Btgl-30 to 36 inches, light brownish gray (10Y R 6/2) loam; many medium and
coarse distinct strong brown (7.5Y R 5~6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; friable, slightly sticky, slightly plastic.

Btg2--36 to 42 inches, light brownish gray (10Y R 6/2) sandy loam; many
medium and coarse distinct strong brown (7.5Y R 5/6) and pale brown (10Y R 6/3)
mottles; weak coarse subangular blocky structure; friable, sightly sticky,
nonplastic.

Cg--42 to 48 inches, light brownish gray (10Y R 6/2) loamy sand; many medium
and coarse distinct strong brown (7.5YR 5/6) and pale brown (10Y R 6/3) mottles;
single grained; loose, nonsticky, nonplastic.

Remarks: This profile taken from an auger hole. Ap horizon thicker dueto fills
operations during construction of Puraflo wastewater treatment system.

Profile for Well # 2: (WL40)

Ap--0to 6 inches, dark grayish brown (10Y R 4/2) fine sandy loam; weak medium
granular structure; friable, slightly sticky, nonplastic.

E--6 to 12 inches, light yellowish brown (10Y R 6/3) fine sandy loam; massive;
friable, nonsticky, nonplastic.

Bt--12 to 30 inches, mottled pale brown (10Y R 6/3), light brownish gray (10YR
6/2) and strong brown (7.5Y R 5/6) loam; weak medium subangular blocky
structure; friable, slightly sticky, dlightly plastic.



Btgl-30 to 36 inches, light brownish gray (10Y R 6/2) loam; many medium and
coarse distinct strong brown (7.5Y R 5/6) and pale brown (10Y R 6/3) mottles;
weak medium subangular blocky structure; friable, slightly sticky, slightly plastic.



Btg2--36 to 42 inches, light brownish gray (10Y R 6/2) sandy loam; many

medium and coarse distinct strong brown (7.5Y R 5~6) and pale brown (10YR 6/3)
mottles; weak coarse subangular blocky structure; friable, slightly sticky,
nonplastic.

Cg--42 to 48 inches, light brownish gray (10Y R 6/2) loamy sand; many medium
and coarse distinctstrong brown (7.5Y R 5/6) and pale brown (10Y R 6~3) mottles;
single grained; loose, nonsticky, nonplastic.

Remarks: This profile taken from an auger hole.



Table 1 - - Dragston fine sandy loam Groundwater Data Table
February-June, 1999 (131 Days)

Well #1 Well #2

Percent Pement
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
| Range (in.) of Days Time Days Days of Days Time Days Days
0-6 4 3 4 3 4 4 4 4
6.1-12 11 8 15 12 9 10 13 14
12.1-18 13 10 28 21 13 14 26 28
18.1-24 10 8 38 29 7 8 34 36
24.1-30 18 14 56 43 6 6 40 42
30.1-36 14 10 70 54 12 12 51 55
36.1-40 13 10 82 63 20 2 72 76
Dry 48 37 131 100 22 23 94 100

Table 2 - - Dragston fine sandy loam Groundwater Data Table
July-December, 1999 (184 Days)

Well #1 Well #2
Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 5 3 5 3 6 3 6 3
6.1-12 4 2 9 5 3 2 9 5
12.1-18 4 2 13 7 3 2 12 7
18.1-24 9 5 22 12 11 6 23 13
24.1-30 15 8 37 20 16 9 39 21

30.1-36 23 13 60 33 30 16 69 38
36.1-40 25 14 85 46 70 37 139 75

Dry 99 53 184 100 45 25 184 . 100

Number of Days column refersto the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.



Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Table 3 - - Dragston fine sandy loam Groundwater Data Table
January-June, 2000 (182 Days)

Well #1 Well # 2
Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 5 2 5 3 5 3 5 3
6.1-12 15 8 20 11 15 8 20 11
12.1-18 20 11 40 21 18 10 38 21
18.1-24 33 18 73 39 35 20 74 41
24.1-30 38 21 111 61 45 25 119 65
30.1-36 47 26 158 87 44 24 163 89
36.1-40 22 12 180 99 20 11 182 100
Dry 2 2 182 100 ...

Table 4 - - Dragston fine sandy loam Groundwater Data Table
July-December, 2000 (159 Days)

Well #1 Well #2
Percent Percent
Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days
0-6 0 0 0 0 0 0 0 0
6.1-12 O 0 0 0
121-18 O
18.1-24 O
24.1-30 O
0
8
6

o o oo
o O oo

30.1-36
36.1-40
Dry

Number of Days column refersto the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.



Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings per day.
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SOIL EVALUATED: Emporia sandy loam
LOCATION:

This research site was located in the northern portion of Hendco County, Virg'nia.
Refer to the accompanying portion of the Yellow Tavern U.S. Geologic Survey
topographic map for the general character of the area. The accompanying
detailed site sketch shows the location of an automated WL -40 data logger and
two manual observation wells.on the residential property.

RATIONALE FOR SITE SELECTION:

There were several reasons for using this site. First, the type of soil at the site,
Emporia, represents amajor soil type located over large areas in the state.
Studying Emporia would provide valuable information that could apply to
numerous Coastal Plain sites considered for onsite septic 'systems. Second,
while the Emporia soil meets Virginiacriteriato allow installation of a
conventional drainfield, drainfieldsin this soil often do not work properly on a
year-round basis. And finally, the residence at this site employs an alternative
onsite wastewater disposal system, so awater table study would provide
information on how well this alternative septic system works in problem soils.

SOIL AND SITE INFORMATION:

The soil at this site formed in moderately fine-textured,’ stratified;-.unconsolidated;::
fluvio-marine sediments of the upper Coastal Plain. There was along, gently
sloping hillside that lies upslope of the site. The site was on the lower sideslope,
very near asmall drainway. The wellswere in a small wooded area, while the
majority of the upslope areawas in fescue-type lawn grasses or mulched
landscaped beds.

The Soil Survey of Henrico County, Virginia (John W. Clay, 1975), showsthe
research site as being mapped as Lynchburg fine sandy loam (Ly). Lynchburg is

a somewhat poorly drained soil, while the Emporia soil identified at the site iswell
drained, so thiswas an inclusion in the mapping unit.

A detailed soil profile description was made at the Site and isincluded. When
compared to the official soil series description for the Emporia series (refer to the
Appendix), the soil at this site falls within the range of characteristics. That
means the soil was typical or representative of Emporia soils.

While the soil was suitable for a conventional gravity drainfield, there was



insufficient areafor the septic system required for a three bedroom house, so a
Purafl9 (peat moss) Biofilter system was permitted due to its reduced area
requirements. The access lids to the four Puraflo modules were at ground level,
so the natural soil at the site was excavated to a depth of about 24 inches, 6



inches of 3/4 -1 inch diameter clean gravel was installed, the modules set on the
gravel pad and pipes connected,’ and then soil backfill material used to level and
landscape the site. The septic system permit was issued by the Virginia
Department of Health in Apdl 1998, and the Puraflo system was installed and
began usein August 1998.

CLIMATIC DATA FOR THE SITE:

The site was less than 13 miles from the Richmond International Airport, where
official NOAA weather data are collected, so precipitation data from the airport
was used to evaluate rainfall dudng the study period. The precipitation
comparison graph shows how each monthly rainfall total comparesto the
monthly 29-year averages (1961-1990).

It is apparent that for the November-December 1999 period, precipitation was
well below normal. In fact, rainfall was only 42% of the long-term average for
that two month span. Therefore, the water table levels at the site would be
expected to be shallower (nearer to the surface) during afall with normal
precipitation.

For the period January-May 2000, total precipitation was 18.41 inches, only 0.23
inches above the 29-year average. That means that the water table levels would
be expected to be representative of normal conditions at the site.

For the period July-December 2000,~ monthly rainfall was generally below normal.
It is noteworthy that only 0.01 inches of rain was recorded for the entire month of
October 2000, making it the driest October since data collection began in 1928 at
the Richmond International Airport. The October-December 2000 period had

only 4.03 inches of rain, which was extremely dry. In fact, rainfall was only 41%

of the long-term average for that 3 month span. That dry fall situation was very
similar to moisture conditions noted for November-December 1999. Therefore,

the water table levels at the site would be expected to be shallower during afall

with normal precipitation.

For the period January-June 2001., .monthly rainfall was generally below normal.
January-May 2001 rainfall was 4.26 inches below the 29-year average, or 25%
below normal. Therefore, the water table levels at the site would be expected to
be shallower during awinter and spring with normal precipitation.

Except for afew exceptional wet months (April, June and August 2000; and June
2001), precipitation was normal to below normal. It should be noted that the
original project completion date was extended due to severe drought conditions



in most of the state during 1999. Fall 2000 thru spring 2001 was also well below
normal. Therefore, only the January-May 2000 period had near normal
preciPitation, while the rest of the study period had below normal rainfall.



RESULTS:

A WL-40 datalogger, a shallow manual observation well and a deep manual
observation well were installed ten feet from an operating Puraflo wastewater
treatment system on June 28,1999. Wells were installed in the same soil, on the
same landscape position, and at the same topographic elevation, as the adjacent
Puraflo treatment system. The wells were representative of the soil conditions at
the Puraflo site, but were remote enough to be unaffected by the septic system.
Due to operator error, the automated well was not programmed properly and the
collection of water table data did not commence until November 18, 1999. There
was continuous data collection from the starting date until June 30, 2001. The
manual wells were read only when visiting the site to download data from the
datalogger. The manual wells were not intended to gather water table dataon a
frequent basis; instead, they were used mainly as a check to see how closely the
automated and manual wells corresponded.

The Emporiasoil' at this site had common light gray (10Y R 7~2) mottles (or iron
depletions) below 43 inches in the Bt4 horizon, making it awell drained soil.
Normally, it would be assumed that the seasonal water table would be below 43
inches, while there might be brief periods where it was above that depth. These
soils normally have a perched water table. The dense, red mottled Bt4 horizon
was restrictive, which was confirmed by the soil profile description remarks made
for this site (ie, the Bt4 was only damp while free water rose in the borehole).

The mottling at shallower depths in the Bt2 and Bt3 horizons was suspected to

be associated with the fluctuating seasona~ water table, perched above the Bt~,
horizon.

The water table hydrograph of November-December 1999 shows the presence of
free water in the soil at a depth of 35-40 inches for nearly a month, until mid-
December. The water level at this depth may relate to the drought in 1999, and
that November 1999 precipitation was only ,32% of normal. And while December
rainfall was only~53% of normal, there was a sharp rise in depth of free water in
the soil to nearly 20 inches below the surface. The water level then dropped in

an irregular, spiking pattern down to a depth of about 30 inches.

The November-December 1999 Groundwater Data Table shows that the surface
of the free water was in the Bt2 horizon 17 days, or 39% of‘the time during this

44 day period. Free water was in the Bt3 horizon 100% of the time. During this

drought period, the seasonal water table was always shallower than the depth to

gray mottlesin the soil, and there was always free water in the Bt3 horizon.

The January-June 2000 hydrograph shows the water table fluctuated between
depths of 15 to 32 inches below the soil surface from January thru early May. A



rapid drop in the free water level starting in early May corresponds to shrubs and
trees leafing-out and arapid increase in the evapotranspiration at the site. The



datalogger remained dry for part of May and all of June, except for afew spikes
of rapid water table rise and fall.

The January-June 2000 Groundwater Data Table showed that free water was in
the Bt1 hodzon about 16 days or 9% of the time dudng this 182 day period. Free
water was only briefly in the E horizon for one day. Free water was in the Bt2
horizon 103 days, or 57% of the time. Free water was in the Bt3 horizon 146
days, or 80% of this monitoring period.

The seasonal water table was shallower than the depth to gray mottles at |east
80% of the time for this monitoring period. The reality was that for January 1 thru
mid-May, the seasonal water table was always shallower than the depth to gray
mottlesin the soil, and there was always free water in the Bt3 horizon.

The July-December 2000 hydrograph shows nearly continuous dry hole

readings, from July thru mid-December. There was arapid rise in the water table
in mid-December, and free water remained in the monitoring well until the end of
the year. The timing of the mid-December spike was very similar to the one seen
in the November-December 1999 hydrograph. However, because of dry
conditions in October and November 2000, the mid-December spike did not rise
to as shallow a soil depth or remain shallow for as long a period.

The July-December 2000 Groundwater Data Table showed that free water wasin
the Bt2 horizon 3 days, or 2% of the time during this 184 day period. Free water
was in the Bt3 horizon for at least 24 days or 13% or this monitoring period.

Another way to look at the datais to consider only the mid-December to
December 31 time period. During this 15 day span, water was in the Bt2 horizon
for 3 days or 20% of the time, and free water was in the Bt3 horizon for 15 days
or 100% of the time. The reality was that. for the last two weeks of December
2000, the seasonal water table was always shallower than the depth to gray
mottlesin the soil, and there was always free water in the Bt3 horizon.

The January-June 2001 hydrograph shows mainly dry well readingsin early
January and from early May thru June. There was an exceptional rise in the .free
water level in mid-January, rising 29 inchesin a42 hour period. Numerous water
table spikes were recorded, with one coming very close to ground surface.

There was arapid drop in the water table from mid-April to early May.

Free water was briefly present in the E horizon during two sharp risesin the
water table, and only for 2 days total duration. Water was in the Bt1 horizon
about 12 days, for 7% of the time during this 181 day period. The water table



was in the Bt2 horizon 74 days or 41% of the time. Free water was in the Bt3
horizon at least 124 days or 68% of this monitoring period.



The seasonal water table was shallower than the depth to gray mottles at |east
68% of the time. The reality was that from mid-January thru early May, the
seasonal water table was always shallower than the depth to gray mottlesin the
soil, and there was always free water in the Bt3 horizon.

The included table shows the comparison of automated water level readings to
both manual observation wells on specific dates. It should be noted that for this
particular datalogger, the depth for a dry hole reading varied dightly over the
entire test period. The bottom of the shallow manual well was 34 inches below
ground surface, and the deep manual well was 48 inches deep.

It isvery clear that while all three wells were installed on the same date, in the
same soil, and in the same landscape, there were major discrepancies in the
measured depths to the water table. There was never arecorded time when any
of the three wells had the same, or even generally close readings. The deep
manual well consistently had depths to the free water that were at least 3-4
inches deeper than the data logger. The shallow manual well consistently had
the depth to free water at least 5 inches deeper than the datalogger. While the
two manual wells were generally close, the shallow well ailmost always showed
the water table to be at least one inch deeper than the deep well.

CONCLUSIONS:

This site had precipitation levels well below normal for the majority of the study
period. In spite of that, the Emporia soil had free water present for significant
periods of time during the winter and spring. In addition, the depth to free water
was much shallower than where gray mottles were observed in the soil. Once
the water table rose in the soil, it Stayed up for an extended period of time.

Free water was observed in the E and Bt1 horizons only for short periods of time,
and was always associated with precipitous rises in the water table. For the
entire study period, free water was in these horizons about 28 days, though not
continuously. There were no soil morphologic features that could be related to
the presence of water in the soil for the number of days observed. In other

words, there was no clue that this soil could be wet at such shallow depths.
Under normal precipitation it would be expected that the seasonal water table
would be in the E and Bt1 horizons for significantly longer periods of time.

Free water was observed in the Bt2 horizon for extended periods of time. Except
for the November-December 1999 period, water in the Bt2 horizon was
characterized by sharp rises and more gradual drops. For the entire study
period, the surface of the free water was in the Bt2 horizon about 197 days.



To really understand how wet the soil was, it should be noted that from mid-
November 1999 thru June 2000 the soil was almost continuously saturated.
During this normally wetter time of the year, the surface of the free water was



present in the Bt2 horizdn for 120 days or 53% of the time. From mid-December
2000 thru June 2001, the surface of the free water was present in the Bt2 horizon
for 77 days or 39% of thetime.

The presence of common, strong brown redoximorphic features (mottles) in the
Bt2 horizon reflects the presence of the seasonal water table for extended
periods of time. During the normally wetter times of the year, for two yearsin a
row, the seasonal water table was present in the Bt2 horizon from 1/3 to 1/2 of
the time. It is expected that under normal precipitation, the seasonal water table
WoUld be in the strong brown mottled Bt2 horizon for longer periods of time.

It must be remembered that when the surface of the water table was in one of the
upper horizons, the Bt3 horizon was saturated. Free water was observed in the
Bt3 horizon for extended periods of time. For the entire study period, free water
was in the Bt3 horizon at least 338 days. The mid-November 1999 thru June
2000 period showed free water in the Bt3 horizon for 190 days or 84% of the
time. From mid-December 2000 thru June 2001, free water was present in the
Bt3 horizon for 139 days or 70% of the time.

The presence of strong brown, very pale brown and light yellowish brown
redoximorphic features (mottles) in the Bt3 horizon reflects the presence of the
seasonal water table for extended periods of time. During the normally wetter
times of the year, for two yearsin arow, the Bt3 horizon was saturated or had
some free water in it at least 2/3 to 3/4 of thetime. It can only be expected that
under normal precipitation, the seasonal water table would be in the strong
brown and very pale brown and light yellowish brown mottled Bt3 horizon for
longer periods of time. :

The presence of mottles clearly relates to the duration of soil wetness. The Btl
horizon was saturated for only brief periods and no mottles were observed.
During the winter-spring periods, there was a seasonal water table in the Bt2
horizon for 1/3 to 1/2 of the time, and there were common strong brown mottles
present. During the winter-spring periods, there was a seasonal water tablein
the Bt3 horizon for 2/3 to 3/4 of the time, and there were common strong brown
and very pale brown and light yellowish brown mottles present. During the
normally wetter times of the year, the seasonal water table will be significantly,
closer to the ground surface than the depth to gray mottles in the soil, for
extended periods of time.

The location of this site on alower sideslope, with along upslope watershed,
may have contributed to how wet the soil was. During the winter-spring periods
when plants were dormant and evapotranspiration was very low, groundwater not



held in the soil moved downslope towards this site. It is possible that the same
soil, Emporia, might be drier if it had been located farther upslope. ~



Aswas noted earlier, this soil met state requirements for a conventional gravity
drainfield, based on soil morphology and landscape position. Based on the two
winter-spring monitoring pedods studied, it is apparent that if a conventional
septic system had been installed, the gravel filled trenches (at a depth of 18
inches) would have been inundated with free water for bdef periods. Based on
the state sewage regulations in effect when the permit was issued, a 15 inch
zone of suitable soil beneath the gravel filled trenches would have been required
(the "stand-off zone") for treatment and disposal of the wastewater. Based on
this research, the seaSonal water table would have been in the "stand-off zone"
at least 1/2 to 2/3 of the time during a winter-spring period. Although soil
morphology indicated this soil was suitable for a conventional gravity drainfield,
two years of water table data taken while there was below normal precipitation,
showed the soil was unsuitable.

A Puraflo Biofilter system wasinstalled at this site, and it required a " stand-of f
zone" of 12 inches beneath the gravel pad it sits upon. Based on an installation
depth of 18-24 inches, the seasonal water table would have periodically risen into
the Puraflo modules. Based on this research, the seasona water table would

have been in the "stand;off zone" at least 1/2 to 2/3 of the time during a winter-
spring period. During arecent conversation with the owner, he said they have
never had any trouble with their Puraflo systeml So, while the Puraflo system
appeared to operate properly, extended periods of saturation in the "stand-off
zone" below the gravel pad may have resulted in incomplete treatment of
wastewater, rapid transport of pathogenic organisms and nutrients away from the
site, and contamination of the shallow seasonal water table and nearby surface
water in the downslopedrainway. The monitoring data indicate that the Puraflo
unit should have been installed at a much shallower depth to ensure proper
treatment and disposal of wastewater, even though it met Health Department
requirements.

The comparison of automated versus manual observation wells clearly showed,
at this site, that they were not in agreement. The three wells never had the same
depth to the surface of the free water. Even though they were only 3-5 feet
apart, there were times that the water level readings differed by more than 5
inches. This raised questions as to what was the real water table depth, and
which well was most accurate.

It was difficult to understand why the three monitoring wells yielded such
disparate results, since 'they were in the same soil and on the same landscape,
and all wellswereinstalled at the same time, in asimilar manner. The

- consequence of such disparity isthat where wells might be used to assess site
suitability for a septic system,’ utilizing only one observation well might merit



Issuing a septic permit while another well in another location might result in a
rejection letter being sent. It is recommended that any water table study done to
determine drainfield suitability should use multiple wells, to alow for anomalies.



Emporia sandy loam
Sail profile for Well #1

A--0to 1 inch, very dark grayish brown (10Y R 3/2) sandy |oam; moderate fine
and coarse granular structure; many very fine and common medium roots;
friable, deformable, dlightly sticky, slightly plastic; moist;

E--Ito 11 inches, light yellowish brown (10Y R 6/4) sandy loam; few fine round
quartz pebbles (4-5 mm size); moderate fine and medium subangular blocky
structure; many fine and very fine roots, with roots decreasing with depth until
they become common very fine; friable, deformable, dlightly sticky, slightly
plastic; moist.

Btl~11 to 16 inches, yellowish brown (10Y R 5/6) sandy clay loam; moderate
fine, medium, and coarse subangular blocky structure; common fine and medium
roots; friable, deformable, dightly sticky, slightly plastic; moist.

Bt2--16 to 29 inches, yellowish brown (10Y R 5/6) clay loam; few fine round
guartz pebbles.(3-4 mm size); common medium distinct strong brown (7.5YR
5/8) masses of iron accumulation; friable to firm, semideformable, moderately
sticky, moderately plastic; moist.

Bt3---29 to 43 inches, yellowish brown (10Y R 5/8) clay loam; common medium
distinct strong brown (7.5Y R 5/8) masses of iron accumulation, common
medium and coarse prominent very pale brown (10Y R 7/3) and few fine distinct
light yellowish brown (10Y R 6/4) iron depletions; one light gray (10YR 7/2) iron
depletion observed along aroot at 40 inches; firm to very firm, semideformable,
moderately to very sticky, moderately to very plastic; noted soil became denser
and harder to auger with increasing depth; soil only damp.

Bt4--43 to 60 inches, strong brown (7.5Y R 5/8) clay loam; few fine round quartz
pebbles; common medium prominent light .gray (10Y R 7/2) and few fine distinct
light yellowish brown (10Y R 6/4) iron depletions, and common medium prominent
red (2.5Y R 4/8) masses of iron accumulation; firm, deformable, moderately to
very sticky, moderately to very plastic; soil only damp.

Remarks: Sail profile from 0-20 inches described from a pit, auger hole
description from 20-60 inches. Profile taken in woods under oak trees. 3-4%
slope. Landscape position- lower sideslope, at the bottom of along gentle
sideslope. Profile described on December 23, 1999. Free water began
appearing on the outside of the auger buckey below 43 inches, yet the sail



horizon was only damp. The water level quickly rose in the hole to a depth of 29
inches below land surface, and stabilized at that level, for the remainder of the
sitevisit.



Tablel - - Emporia sandy loam Groundwater Data Table
November-December, 1999 (44Days)
Ryall Road, Data Logger Well # 1

Well #1
Percent

- Depth Number Percent Cumulative Cumulative

Range (in.) of Days Time Days Days

0-6 0 0O O 0

6.1-12 0 0O O 0

12.1-18 0 0O O 0

18.1-24 5 11 5 11

24.1-30 12 27 17 39

30.1-36 16 36 33 75

36.1-40 11 25 44 100

Dry ...
Table 2 - - Emporia sandy loam Groundwater Data Table
January- June, 2000 (182 Days)
Ryall Road, Data Logger Well # 1
Well #1
Percent

Depth Number Percent Cumulative Cumulative

Range (in.) of Days Time Days Days

0-6 0 0O O 0

6.1-12 I 1 1 1

12.1-18 15 8 16 9

18.1-24 43 24 59 33

24.1-30 44 24 103 57

30.1-36 27 15 130 72

36.1-40 16 9 146 80

Dry 36 20 182 100
Number of Days column refers to the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers tO the percent of time the water was present within the 'depth
range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present within



the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings per day.



Table 3 - - Emporia sandy loam Groundwater Data Table
July - December, 2000 (184 Days)
Ryall Road, Data Logger Well # 1

Well #1

Percent
Depth Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days
0-6 0 0O O 0
'6.1-12 0 0O O 0
12.1-18 0 0O O 0
18.1-24 0 0O O 0
24.1-30 3 2 3 2
30.1-36 10 5 13 7
36.1-40 11 6 24 13
Dry 160 87 184 100

Table 4 - - Emporia sandy loam Groundwater Data Table
January-June, 2001 (181 Days)
Ryall Road, Data Logger Well # 1

Well #1

Percent '
Depth Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days
0-6 0 0O O 0
6.1-12 2 1 2 1
12.1-18 10 5 12 7
18.1-24 16 9 28 16
24.1-30 46 25 74 41
30.1-36 29 16 103 56
36.1-40 21 12 124 68
Dry 57 32 181 100

Number of Days column refers to the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the depth
range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present within
the depth range.



DRY corresponds to the number of readings (converted to ,days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings per day.



AUTOMATED versus MANUAL WATER TABLE READINGS

-Well #1  Shalow Manual Deep Manua
Date Reading (in.) Well Reading (in.) Well Reading (in.)
Nov 18 1999 -35.3 Dry -39
Dec 7 1999 -35.3 Dry -39.2
Dec 22 1999 -23.8 -28.8 -29.6
Jan 3 2000 ,30 Dry -33.9
Feb 4 2000 -18.4 -23.1 -21.9
Mar 13 2000 -324 Dry -36.6
Mar 31 2000 -22.7 -28.3 -27
Apr 21,2000 -17.8 -23.6 -22.2
May 11,2000 -39.6 Dry -44.7
Jun 5,2000 Dry Dry -46.8
Jun 26,2000 Dry Dry -46.8
Jul 21,2000 Dry Dry Dry
Aug 24,2000 Dry Dry Dry
Sep 22,2000 Dry Dry Dry.
Oct 19,2000 Dry Dry Dry
Nov 27,2000 Dry Dry Dry
Jan 5,2001 -394 Dry -44.7
Mar' 1,2001 -26.7 -32 -30.9
Apr 18,2001 -30.5 Dry -35
Jun 4,2001 --34 Dry -39.5
Jul 26,2001 Dry Dry Dry
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SOIL EVALUATED: Emporia sandy loam
LOCATION:'

This research site was located in the eastern portion of Henrico County, Virginia
Refer to the accompanying portion of the Roxbury U.S. Geologic Survey
topographic map for the general character of the area. The accompanying
detailed site sketch shows the location of two automated data loggers (a WL-40
and aWL-20) on the residential property.

RATIONALE FOR SITE SELECTION:

There were several reasons for using this site. First, the type of soil at the site,
Emporia, represents a major soil type located over large areas in the Coastal
Plain. Studying Emporia would provide valuable information that could apply to
numerous sites considered for onsite septic systems. Second, while the Emporia
soil meets Virginiacriteriato allow installation of a conventional drainfleld,
drainfields in this soil often do not work properly on ayear-round basis. And
finaly, the residence at this site employs a conventional onsite wastewater
disposal system, so awater table study would provide information on how well a
septic system might work in problem soils.

SOIL AND SITE INFORMATION:

The soil at this site formed in moderately fine textured,-stratified, unconsolidated,
fluvio-marine sediments of the upper Coastal Plain. The site was on a broad,
upland position. The wells were in a wooded area adjacent to the drainfield site.

The Soil Survey of Henrico Countv, Vir.ginia (John W. Clay, 1975), shows the
research site as being mapped as Kalmia fine sandy loam (KaA). Well drained
Kamia soils have aloamy subsoil and formed on river terraces, while the
.Emporiasoil identified at the site is also well drained, but has more clay in the
subsoil and does not become sand or gravelly sand with depth. Since the
Emporia soil series had not been established when the soil survey was
completed, the areawas included in Kalmia, the most similar soil available.

A detailed soil profile description was made at the site and isincluded. When
compared to the official soil series description for the Emporia series (refer to the
Appendix), the soil at this site falls within the range of characteristics. That
means the soil was typical or representative of Emporia soils.

While the soil was suitable for a conventional gravity drainfield for afive bedroom



house, a pUmp was necessary to lift the sewage uphill to the approved disposal
site. The conventional gravity drainfield consisted of 8 trenches, 80 feet long, 3
feet wide, 22 inches deep, on 9 foot centers. The monitoring wells were located
in the Reserve or Repair Area, to be used at some future date when the original



drainfield fails. The septic system permit was issued by the Virginia Department
of Health in March 1997, and the system was installed and began use in August
1997.

CLIMATIC DATA FOR THE SITE:

The site was approXimately 7 miles from the Richmond International Airport,
where official NOAA weather data are collected, so precipitation data from the
airport was used to evaluate rainfall during the study period. The precipitation
comparison graph shows how each monthly rainfall total compares to the
mOnthly 29-year averages (1961-1990).

It is apparent that for the November-December 1999 period, precipitation was
well below normal. In fact, rainfall was only 42% of the long-term average for
that two month span. Therefore, the water table levels at the site would be
expected to be shallower (nearer to the surface) during afall with normal
precipitation.

For the period January-May 2000, total precipitation was 18.41 inches, only 0.23
inches above the 29-year average. That means that the water table levels would
be expected to be representative of normal conditions at the site.

For the period July-December 2000, monthly rainfall was generally below normal.
It is noteworthy that only 0.01 inches of rain was recorded for the entire month of
October 2000, making it the driest October since data collection began in 1928 at
the Richmond International Airport. The October-December 2000 period had

only 4.03 inches of rain, which was extremely dry. In fact, rainfall was only 41%
of the long-term average for that 3 month span. That dry fall situation was very
similar to moisture conditions noted for November-December 1999. Therefore,
the water table levels at the site would be expected to be shallower during afall
with normal precipitation.

For the period January-June 2001, monthly rainfall was generally below normal.
January-May 2001 rainfall was 4.26 inches below the 29-year average of 16.81
inches, or 25% below normal. Therefore, the water table levels at the site would
be expected to be shallower during awinter and spring with normal precipitation.

Except for afew exceptional wet months (April, June and August 2000; and June
2001), the overall precipitation situation was one of below normal to near drought
conditions. It should be noted that the original project completion date was
extended due to severe drought conditionsin most of the state during 1999. Fall
2000 thru spring 2001 was also well below normal. Therefore, only the January-



May 2000 period had near normal precipitation, while the rest of the study period
had significantly below normal rainfall.



RESULTS:

A shallow and a deep automated data logger were installed within 50 feet of an
operating conventional gravity septic system on June 28, 1999. Wells were
installed in the same soil, on the same landscape position, and at approximately
the same topographic elevation, as the adjacent septic system. The wells were
representative of the soil conditions at the drainfield site, but were remote
enough to be unaffected by the septic system. Due to operator error, the
automated wells were not programmed properly and the collection of water table
data did not commence until November 19, 1999. There was continuous data
collection from the starting date until June 30, 2001.

The Emporiasoil at this site had few light brownish gray (10Y R 6/2) mottles
below 41 inchesin the Bt5 horizon, making it awell drained soil. Normally, it
would be aSsumed that the seasonal water table would be below 41 inches, while
there might be brief periods where it was above that depth~ These soils normally
have a perched water table. The dense, red mottled Bt4 horizon was restrictive,
which was confirmed by the soil profile description remarks made for this site.
The mottling at shallower depths in the Bt3 and Bt4 horizons was suspected to
be associated with the fluctuating seasonal water table.

The water table hydrograph of November-December 1999 shows the soil being
generaly dry until mid-December. This dry condition may relate to the drought in
1999, and the fact that November 1999 precipitation was only 32% of normal.
And while December rainfall was only 53% of normal, there was a sharp risein
the water table to less than 20 inches below the surface. The water level then
dropped in agradual, irregular pattern down to a depth of about 30 inchesin Well
#2 (WL-40).

The November-December 1999 Groundwater Data Table shows that the surface
of the free water was in the Bt2 horizon 3 days, or 7% of the time during this 43
day period. Free water was in the Bt3 horizon at least 9 days, or 21% of the

time. Free water was in the Bt4 hodzon 17 days or 39% of the time. During this
drought pedod, the seasonal water table was shallower than the depth to gray
mottlesin the soil for 27 days, and there was free water in the Bt4 horizon 63% of
the time.

The January-June 2000 hydr°graph shows the water table fluctuated between
depths of 0 to 32 inches from January thru early May. Numerous water table
spikes were recorded, with several coming very close to the ground surface. A
rapid drop in the free water level starting in late April corresponded to trees
leafing-out and arapid increase in evapotranspiration at the site. The data



loggers remained dry for most of May and all of June. ~



The January-June 2000 Groundwater Data Table showed that free water was in
the A or E horizons 11-17 days during this 182 day period. Free water wasin the
Bt1 horizon about 42 days or 23% of the time. Free water was in the Bt;?. horizon
77-83 days, or 42-46% of the time. Free water was in the Bt3 hodzon 115 days,

or 63% of this monitoring pedod. Free water was in the Bt4 horizon 131 days, or
72% of the time.

The seasonal water table was shallower than the depth to gray mottles at least
72% of the time for this monitoring period. The reality was that for January 1 thru
early May, the seasonal water table was always shallower than the depth to gray
mottles in the soil, and there was always free water in the Bt4 horizon.

The July-December 2000 hydrograph for Emporia shows nearly continuous dry
well readings. There were a series of rapid rises in the water table starting in late
August, which ended in late September. The timing of the spikes related to
heavy rainsin late August.

The July-December 2000 Groundwater Data Table showed that free water wasin
the Bt1 horizon 1 day during this 184 day period. Free water was in the Bt2.
horizon for 3-5 days, or 2-3% of this monitoring period. Free water wasin the
Bt3 horizon for 5 days or 3% of the time. Free water was in the Bt4 horizon for
18 days, or 10% of the time.

The January-June 2001 hydrograph shows mainly dry well readingsin early
January and from early May thru June. There was an exceptional rise in the free
water level in mid-January, rising 29 inchesin a 24 hour period. Numerous water
table spikes were recorded, with two coming very close to ground surface. There
was arapid drop in the water table from late April to early May.

Free water was present in the A and E horizons during two sharp risesin the
water table, and only for 6-8 daystotal duration. Water was in the Bt1 hodzon
29-31 days, or 16-17% of the time during this 181 day period. The water table
was in the Bt2 horizon 59-69 days or 32-38% of the time. Free water wasin the
Bt3 horizon at least 78 days or 43% of this monitoring pedod. Free water wasin
the Bt4 horizon 120 days, or 66% of the time.

The seasonal water table was shallower than the depth to gray mottles at least
66% of the time. The reality was that from mid-January thru early May, the
seasonal water table was always shallower than the depth to gray mottlesin the
soil, and there was always free water in the Bt4 horizon.

CONCLUSIONS:



The Emporia study site had precipitation levels well below normal for the majority
of the study period. In spite of that, there was free water present for significant



periods of time during the winter and spring. In addition, the depth to free water
was much shallower than where gray mottles were observed in the soill Once
the water table rose in the soil, it stayed up for an extended Period of time.

Free water was observed in the A and E horizOns only for short periods of time,
and was always associated with precipitous rises in the water table. For the
entire study period, free water was in these horizons about 17-25 days, though
not continuously. There were no soil morphologic features that could be related
to the presence of water in the soil for the number of days observed. In other
words, there was no clue that this soil could be wet at such shallow depths.
Under normal precipitation it would be expected that the seasonal water table
would be in the A and E horizons for longer periods of time.

Free water was observed in the Bt1 horizon for 72-74 days during the entire
study period, and was aways associated with sharp rises in the water table.
There were no soil morphologic features that could be related to the presence of
water~ in the soil for the number of days observed. In other words, there was no
clue that this soil could be wet at such shallow depths. Under normal
precipitation it would be exPected that the seasonal water table would be in the
Bt1 horizon for longer periods of time.

Free water was observed in the Bt2 horizon for extended periods of time. Water
in the Bt2 was characterized by sharp rises and more gradual drops. For the
entire study period, free water was in the Bt2 horizon 142-160 days.

To really understand how wet the soil was, it should be noted that from late
January thru late April of 2000, free water was present in the Bt2 horizon nearly
all the time. And from mid-February thru mid-April of 2001, free water Was
present in the Bt2 horizon most of the time. There were no soil morphologic
features that could be related to the presence of water in the soil for the number
of days observed. In other words, there was no clue that this soil could be wet at
such shallow depths. Under normal precipitation it would be expected that the
seasonal water table woUld bein the Bt2 horizon for significantly longer periods
of time.

Free water was recorded in the Bt3 horizon for 207 days during the study period.
From late January thru late April of 2000, and mid-February thru mid-April of
2001, free water was present in the Bt3 horizon all the time.

The presence of common strong brown redoximorphic features (mottles) in the
Bt3 reflects the presence of the seasonal water table for extended periods of
time. For two yearsin arow dudng the wettest seasons, the seasonal water



table was present in the Bt3 horizon from 1/3 to 2/3 of the time. It can only be
expected that under normal precipitation, the seasonal'water table would be in
the strong brown mottled Bt3 horizon for longer periods of time.



It must 'be remembered that when the surface of the water table was in one of the
upper horizons, the Bt4 hodzon was saturated. Free water was observed in the
Bt4 hodzon for extended periods of time. For the entire study pedod, free water
was in the' Bt4 horizon at least 296 days. The January-June 2000 pedod showed
free water in the Bt4 hodzon for 131 days or 72% of the time. F.or January-June
2001, free water was present in the Bt4 horizon for 120 days or 66% of the time.

The presence of strong brown, very pale brown, and red redoximorphic features
(mottles) in the Bt4 reflects the presence of the seasonal water table for
extended periods of time. For two yearsin arow during the wettest seasons, the
Bt4 horizon was saturated or had some free water in it at least 2/3 to 3/4 of the
time. It can 'only be expected that under normal precipitation, the seasonal water
table would be in the strong brown and very pale brown and red mottled Bt4
horizon for longer periods of time.

The presence of mottles clearly relates to the duration of soil wetness. The Btl
horizon was saturated for only brief periods and no mottles were observed:
During the winter-spring periods, there was a seasonal water table in the Bt2
horizon for 1/3 to 1/2 of the time, and no mottles were observed. During the
winter-spring periods, there was a seasonal water table in the Bt3 hodzon for 1/3
to 2/3 of the time, and there were common strong brown mottles present. During
the winter-spring periods, there was a seasonal water table in the Bt4 horizon at
least 2/3 to 3/4 of the time, and there were common strong brown, very pale
brown and red mottles present. This data shows that during the normally wetter
times of the year, the seasonal water table will be significantly closer to the
ground surface than the depth to gray mottles in the soil, for extended periods of

time.

The location of this site on abroad, nearly level upland, may have contributed to
how wet the soil was. During the winter-spring periods when plants were
dormant and evapotranspiration was very low, groundwater accumulated in the
soil above the restrictive horiZons at this site. It is Possible that the same soil,
Emporia, might be drier if it had been located on a more sloping site.

Aswas noted earlier, this soil met the minimum state requirements for a
conventional drainfield, based on soil morphology and landscape position..
Based on the two winter-spring monitoring periods studied, it is apparent that the
conventional septic system would have been inundated with free water in the
gravel filled trenches for brief periods of time. On several occasions, this
researcher walked across the drainfield area during the wet winter periods and



noted how "soft" the ground felt, but no water was ever observed at the ground
surface. In addition, the owner said the drainfield had not given them any
trouble. Based on the state sewage .regulations in effect when the permit was
Issued, a 15-18 inch zone of suitable soil beneath the gravel filled trenches would
have been required (the "stand-off zone") for treatmeni and disposal of the
wastewater. Based on this research, the seasonal water table would have been



in the "stand-off zone" at least 1/2 to 3/4 of the time during a winter-spring pedod.
Although soil morphology indicated this soil was suitable for a conventional
drainfield, two years of water table monitoring data taken when there was below
normal precipitation, showed the soil was unsuitable.



Emporia sandy loam
Well #1 Profile

A--0to 2 inches, dark brown (10Y R 3/2) sandy loami friable, deformable,
moderately fluid, slightly sticky, dlightly plastic; moist.

E--2 to 8 inches, light yellowish brown (10Y R 6/4) sandy |oam; friable;
deformable, moderately fluid, dlightly sticky, slightly plastic; moist.

Bt'1~8 to 13 inches, brownish yellow (10Y R 6/6) sandy clay |loam; friable,
deformable, dlightly fluid, moderately to slightly sticky, moderately to dlightly
plastic; moist.

Bt2--13 to 18 inches, brownish yellow (10Y R 6/6) clay loam; friable, deformable,
dightly fluid, moderately sticky, moderately to sightly plastic; moist.

Bt3--18 to 27 inches, yellowish brown (10Y R 5/6) clay loam (approaching clay);
common fine distinct strong brown (7.5Y R 5/8) irregular to round shaped masses
of iron accumulation spread throughout the horizon; firm, deformable, slightly
fluid, moderately sticky, moderately plastic; noted soil became denser and harder
to auger with increasing depth; moist.

Bt4--27 to 41 inches, yellowish brown (10Y R 5/8) clay loam (approaching clay);
common medium distinct strong brown (7.5Y R 5/8) and common medium
prominent red (2.5Y R 4~8) masses of iron accumulation, and common medium
distinct very pale brown (10Y R 7/4) iron depletions; most mottles are evenly
scattered throughout the horizon but the very pale brown mottles are only along
surfaces or ped faces; very firm to extremely firm, semideformable, dlightly fluid,
moderately sticky, moderately to very plastic; soil very dense and must lean on
auger to bore deeper in ground; soil only damp.

BtS--~tl to 54 inches, yellowish brown (10Y R 5/8) clay loam; common medium
distinct strong brown (7.5Y R 5/8) and few fine prominent red (2.5Y R 5/8) masses
of iron accumulation, and few medium & coarse distinct pale brown (10Y R 6/3)
and few medium prominent light brownish gray (10Y R 6/2) iron depletions; the
strong brown and red mottles are evenly scattered throughout the horizon but the
pale brown and light brownish gray mottles are only along surfaces or ped faces;
extremely firm, semideformable, dlightly fluid, moderately sticky, moderately
plastic; soil very dense and hard to auger; soil only damp.

BC--54 to 60 inches, strong brown (7.5Y R 5/8) sandy loam; few medium



rounded pebbles; few yellowish brown (10Y R 5~4) clayballs (clay |oam texture)
mixed-in or buried in the sandier matrix, with few medium prominent light gray
(10YR 7/2) & few coarse distinct pale brown (10Y R 6/3) irregularly shaped iron
depletions located within the clayballs; few medium irregular distinct yellowish



brown (10Y R 5/6) masses of iron accumulation; fdable, deformable, slightly fluid,
nonsticky, nonplastic; soil very dense and hard to auger; soil only damp.

Remarks: Auger description from 0-60 inches, taken midway between two
dataloggers. Profile taken in woods under oak trees. 1% slope. Landscape
position- broad upland flat. Profile described on January 3,2000. Free water
began appearing in the hole below 27 inches, but was moving down the hole
from above, and the Bt4 was only damp. One inch of water accumulated in the
bottom of the hole by the end of the description.



Tablel - - Emporia sandy loam Groundwater Data Table
November-December, 1999 (43Days)

Saltwood Place, Data Logger Well #1 & #2

Well #1 Well #2

Percent Percent

Depth  Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative

Range(in.) of Days Time  Days Days of Days Time  Days Days _

0-6 0 0 0 0 0 0 0 0

6.1-12 O 0 0 0 0 0 0 o _

12.1-18 3 7 3 7 1 2 1 2

18.1-24 5 12 8 19 9 21 10 23
24.1-30 ... 7 16 17 40
30.1-36 ... 4 9 21 49
36.1-40 ... 6 14 27 63

Dry 35 81 43 100 16 37 43 100

Table 2 - - Emporia sandy loam Groundwater Data Table

January- June, 2000 (182 Days)

Saltwood Place, Data Logger Well #1 & #2

Well #1 Well #2

Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in,) of Days Time Days Days of Days Time Days Days

0-6 11 6 11 6 17 9 17 9

6.1-12 30 16 42 23 25 14 42 23

12.1-18 42 23 83 46 35 19 77 42

18.1-24 21 12 104 57 38 21 115 63

24.1-30 ... 8 4 123 68
30.1-36 ... 6 3 129 71
36.1-40 ... ‘2 1 131 72

Dry 78 43 182 100 51 28 182 100

Number of Days column refers to the number of days the surface of the free water was preSent
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the



depth range.

Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of datalogger readings within a depth
range divided by the number (normally 2, 4 or 8) of datalogger readings Per day.



Table 3 - - Emporia sandy loam Groundwater Data Table

July - December, 2000 (184 Days)

Saltwood Place, Data Logger Well #1 & #2

Well #1 Well #2

Percent Percent

Depth Number Percent Cumulative Cumu ative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 0 0 0 0 0 0 0 0
6.1-12 1 0 1 0 I 0 I 0
12.1-18 4 2 5 3 2 1 3 2
18.1-24 3 2 8 4 2 1 5 3
24.1-30 ... 3 2 8 4
30.1-36 ... 5 3 13 7

W
o
S
N
o
(€]

3 18 10
Dry 176 96 184 100 166 90 184 100

Table 4 - - Emporia sandy loam Groundwater Data Table
January-June, 2001 (181 Days)

Saltwood Place, Data Logger Well #1 & #2

Well #1 Well #2

Percent Percent

Depth Number Percent Cumulative Cumulative Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days of Days Time Days Days

0-6 6 3 6 3 8 4 8 4

6.1-12 25 14 31 17 21 12 29 16

12.1-18 38 21 69 38 30 16 59 32

18.1-24 10 6 79 44 18 10 78 43

24.1-30 ... 18 10 95 52
30.1-36 ... 16 9 111 61
36.1-40 ... 9 5 120 66

Dry 102 56 181 100 61 34 181 100

Number of Days column refers to the number of days the surface of the free water was present
within the depth range.

Percentage of Time column refers to the percent of time the water was present within the
depth range.



Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present
within the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.
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SOIL EVALUATED: Faceville fine sandy loam
LOCATION:

The study site isin eastern Spotsylvania County, Virginia. Refer to the accompanying
portion of the U.S. Geological Survey topographic map for the general topography and
landforms. The accompanying site sketch shows the location of the automated data
logger and two manual monitoring wells on the wooded and undevel oped property.

RATIONALE FOR SITE SELECTION:

The site was chosen because it is wooded and undisturbed. Also, a previous soil and
site evaluation for a septic system drainfield by the Spotsylvania County Health
Department had indicated that the general soil area potentially had some problems with
.seasonal and periodic soil wetness. The site was ideal for the watertable study

because several open backhoe pits on the property alowed for detailed observation of
the soil profiles. The pits also allowed for a quick, visual check during each site visit to
see if the backhoe pits were holding free groundwater. The Faceville and Emporia soils
are widespread throughout the Coastal Plain province.

SOIL AND SITE INFORMATION:

The soils at this site formed in medium and fine textured, stratified, unconsolidated
coaStal plain sediments. The Faceville soil iswell drained, moderately permeable, and
is classified as afine, kaolinitic, thermic Typic Kanhapludult. The subsoil (Bt horizons)
are yellowish red and red and have textures of clay loam, sandy clay, or clay.

The Soil Survey of Spots¥lvania County, Viminia (J.H. Elder, Jr., 1985) has the general
study area soil mapped as Faceville and Varina complex. (A soil complex is mapped
when the soils are so intermingled it isimpractical to separate them at the mapping
scale. In soil .mapping and classification, Varina soils are separated from other
surrounding soils because of their plinthite content. Plinthite is a hard nodule of iron
concentration. However, based on the backhoe pits and additional auger borings at the
study site, the soils are more a complex of Faceville and Emporia soils. The Emporia
soil iswidespread and one of the most abundant soilsin the upper Coastal Plain of
Virginia. The Emporia soil iswell drained and has moderately slow or slow permeability
in the mid and lower Bt horizons. The Emporia soil commonly has a perched watertable
during winter and spring.



A detailed soil profile description was made at the site using a backhoe pit and is
included in this report. When compared to the official soil series description for the
Faceville soil (refer to the Appendix), the soil at the study site generally is within the
range of characteristics for the Faceville soil. This means the soil* istypical or
representative of Faceville soils.

The Faceville soil is generaly suitable for a septic system drainfleld. The clayey
textures in the Bt horizons necessitate installing alarge drainfield to compensate for
potential slow permeability.

CLIMATIC DATA FOR THE SITE:

The Faceville study site is about 10 miles from Fredericksburg, Virginia. Weather data
from the Fredericksburg' Sewage Plant (1999, 2000, and 2001) and the Fredericksburg
National Park (29-year average) were used to provide yearly and monthly precipitation
figures for the study site. The precipitation comparison graph for Spotsylvania County
shows how each months precipitation total compares to the monthly 29-year averages
(1961-1990).

During the November-December 1999-study period, precipitation was below normal. In
fact, precipitation was only about 62% of the long-term average for the two month span.
Also, many Parts of Virginiawere experiencing severe drought conditions during 1999.
With these dry conditions, it would be expected that watertable levelsin the soils would
be low or absent.

During the January-June 2000 study period, total precipitation was about 5 inches
above the 29-year average of 20.05 inches. In June, rain totaled 9.74 inches, aimost 3
times the 29-year average for that month.

During the July-December 2000 study period, total precipitation was about 3 inches
above the 29-year average of 20.8 inches. Of note, only 0.05 inches of rain was
recorded for October. This dry month anomaly only serves to emphasize how
remarkably well annual precipitation is distributed in Virginia

For the final study period from January-May 2001 (Faceville monitoring ended on 5-25-
01), total precipitation was only about 2 inches less than the 29-year average, of 16.68
inches.

For the general study period beginning November 1999 and ending May 2001, total
precipitation was about normal as compared to the 29-year average. The major
exceptions were the relatively dry conditions near the end of 1999, and the months of
June, July, and September in 2000 when atotal of 26.85 inches of rain was recorded as



opposed to the 29-year average for these months of 10.68 inches.



Results:

An automated (WL-40) datalogger, a 24-inch manual, and a 60-inch manual well were
installed in the Faceville soils. The datalogger was about 100 feet from the two manual
wells, which were about 10 feet apart. All wells were on the same gently sloping
sideslope and all had the same vegetative cover consisting of Virginia pine with thick
hardwood understory. Continuous automated data collection began on November 18,
1999. The manual wells were read only when visiting the site to download data from
the data logger. The manual wells were not intended to gather watertable dataon a
frequent basis, instead, they were used mostly as a check to see how well the data
logger and manual wells corresponded during download site visits.

All watertable monitoring wells and backhoe pits remained dry during the November
1999 to May 2001 study period. Thisis somewhat inexplicable, since the general site
was a complex of Faceville and Emporia soils. Though both are well drained, Emporia
commonly has a perched watertable during winter and spdng. In addition, most of the
soil profiles evaluated over the general site have chroma 3 and 4 mottles in the upper Bt
horizons, which in the Coastal Plain generally indicates some degree of soil wetness.
The gently sloping sideslope where the wells were located transitions into anearly level,
upland fiat that would be expected to have soils with some wetness features.

CONCLUSIONS:

This particular Faceville soil site is much better drained than the soil features and
properties indicate. The gently sloping sideslope landform on which the wells are
located may allow for sufficient surface and subsurface lateral water movement,
resulting in no watertable levels recorded during the study period.

NOTE: Because the monitoring wells were al dry during the study pedod, the
watertable hydrograph and data tables are not included for the Faceville soil in this
report.



FaceVille fine sandy loam
Sail Profilefor Well # 1. (WL-40); 24-inch Manua Well; 60-inch Manual Well

A--0to 1 inch; very dark grayish brown (10YR 3/2) and dark brown (10YR 3/3) fine
sandy |loam; moderate fine granular structure; very friable, non sticky, non plastic; 0 to
2% quartz gravel; common fine, medium, and coarse roots; clear wavy boundary.

E--1to 10 inches; yellowish brown (10Y R 5/4) heavy fine sandy loam; common fine and
medium light yellowish brown (10Y R 6~4) mottles; weak fine and medium subangular
blocky structure; friable, non .sticky, non plastic; common fine, medium, and coarse
roots; 0 to 2% quartz gravel; clear wavy boundary.

Bt1--10 to 16 inches; yellowish brown (10Y R 5~4, 5/6) light clay loam; common medium
and coarse light yellowish brown (10Y R 6/4) mottles; weak coarse subangular blocky
structure parting to weak fine and medium subangular blocky structure; firm, slightly
sticky, dlightly plastic; common fine, medium, and coarse roots; 0 to 2% quartz gravel;
clear wavy boundary.

Bt2--16 to 22 inches; strong brown (7.5YR 4/6) heavy clay loam; common medium and
coarse yellowish brown (10Y R 5/4) mottles; weak fine, medium, and coarse subangular
blocky structure; dightly firm, sticky, plastic; few fine, medium, and coarse roots; 1 to
5% quartz gravel; clear wavy boundary.

Bt3--22 to 28 inches; yellowish red (5Y R 4/6) heavy clay loam; many medium and

coarse light yellowish brown (10Y R 6/4) and yellowish brown (10Y R 5/4) mottles; weak
thick platy parting to weak medium and coarse subangular blocky structure; firm, sticky,
‘plastic; few fine, medium, and coarse roots; 2 to 5% quartz gravel; clear wavy boundary.

Bt4--28 to 38 inches; red (2.5Y R 4/6) clay loam; common medium and coarse yellowish
brown (10Y R 5~4) mottles; common medium strong brown (7.5Y R 4/6) ped coatings,
weak thick platy parting to weak medium and coarse subangular blocky structure; firm,
sticky, dlightly plastic; few fine roots; 2 to 10% quartz gravel; clear wavy boundary.

2Bt5--38 to 62 inches; (auger description) red (2.5YR 4/6) light clay loam; many
medium and coarse strong brown (7.5Y R 4/6) ped coatings; weak thick platy parting to
weak coarse subangular blocky structure; firm, sticky, slightly plastic; 2 to 5% quartz
gravel; clear wavy boundary.

2BCt--62 to 75 inches; (auger description) mottled red (2.5YR 4/6), olive yellow (2.5Y
6~8), and strong brown (7.5Y R 4/6) light clay loam; massive parting to weak platy and
weak subangular blocky structure; firm, slightly sticky, slightly plastic; 2 to 5% quartz



gravel.

Remarks: Profile described from a backhoe pit t° 38 inches and an auger boring from
38 to 75 inches. Landform is a gently sloping sideslope (2 to 7% slopes).
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SOIL EVALUATED: Groseclose silt loam
LOCATION:

This research site was located in the central portion of Tazewell County, Virginia.
Refer to the accompanying portion of the U.S. Geologic Survey Tiptop
topographic map for the general character of the area and the location of an
automated WL -40 data logger well on the farmland.

RATIONALE FOR SITE SELECTION:

There were severa reasons for selecting this site. First, the type of soil at the
site, Groseclose, represents amajor soil type located over large areas in the
Ridge and Valley Physiographic Province. To study it would provide valuable
information that could apply to numerous sites considered for onsite septic
systems. Second, the Groseclose soil meets Virginia criteria allowing for
installation of a conventional gravity drainfield, and drainfields in this soil
usuallywork properly on ayear-round basis for many years. During a training
session at this site one of my peers suggested the site was too wet for a
drainfield to work properly. This concept was put forth due to the manganese
stains and concretions present in the soil. And last, to check water movement in
small intermittent drainageways.

SOIL AND SITE INFORMATION":.'

The soil at this site form from weathered limestone, siltstone, shale and
sandstone of the Ridge and Valley Physiographic Province. There was along,
sloping hillside that lies upslope of the site. The site was on the lower sideslope,
along the edge of asmall drainway. The Well wasin asmall area of weeds while
the majority of the upslope area was farmed in a corn-small grain crop rotation.

Currently there is no published soil survey of Tazewell County showing the
mapping unit for the area or the agricultural use of the area.

A soil profile description was made at the site and is included. When compared
to the official soil series description for the Groseclose series (refer to the
Appendix), the soil at this site falls within the range of characteristics. That
means the soil wastypical or representative of Groseclose soils.

The soil was suitable for a conventional gravity drainfield over much of the
training site. The area within the drainway was excluded because of the
landscape position it occupied. When augered by Environmental Health



Specidists (EHS) manganese was observed and a statement made that it was to
be considered a soil characteristic that signified wetness.



CLIMATIC DATA FOR THE SITE:

The site was 4 to 5 miles from the weather station in Burkes Garden, where
official NOAA weather data were collected, so precipitation data from the station
was used to evaluate rainfall during the study period. The precipitation
comparison graph shows how rainfall totals each month compares to the monthly
29-year averages (1961-1990).

It is apparent that for the October-December 1999 period, precipitation was well
below normal. In fact, rainfall was 64 % of the long-term average for the three
month span. Therefore, the water table levels at the site would be expected to
be deeper than during afall with normal precipitation.

For the period January-June 2000, total precipitation was only 0.6 inches above
the 29-year average. That means that the water table levels would be expected
to be representative of normal conditions at the site.

For the period July-December 2000, monthly rainfall was .1 inch above the 29-
year average. It is noteworthy that only 0.3 inch of rain was recorded for the
entire month of October 2000, making it the driest October since data collection
began in Burkes Garden. The October-December 2000 period was dry. In fact,
rainfall was only 40 % of the long-term average for that 3 month span. That dry
fall situation was very similar to moisture conditions noted for November-
December 1999. Therefore, the water' table levels at the site would be expected
to be shallower than during afall with normal precipitation levels.

For the period January 2001, monthly rainfall was one inch above normal.
Therefore, the water table levels at the site would be expected to be rising during
January 2001.

Except for afew exceptional wet months the overall precipitation situation was
one of below normal to near drought conditions. It should be noted that the
original project completion date was extended due to severe drought conditions
in most of the state during 1999. Fall of 2000 was similar to the Fall of 1999
being below normal. Therefore, only the January-December 2000 period had
normal precipitation, while the rest of the study period had significantly below
normal rainfall or wasin the normally dry fall period.

RESULTS:

An automated data logger was installed ten feet from the center of the
drainageway on December 7, 1999. The well was installed in the same soil, on



the same landscape position, and at near the same topographic elevation, as our
soil borings during the training module. Due to operator error, the automated well
was not programmed properly and was reprogrammed within the week. The



battery supplied with the data logger failed quicker than thought possible. The
collection of water table data did not commence until February 4, 2000 when a
new battery wasinstalled and the data logger reprogrammed. There was
continuous data collection from the starting date until January 23, 2001.

The Groseclose soil at this site had only afew pinkish gray (7.5YR 7/2) parent
material mottles below 40 inches in the Bt4 horizon, making it awell-drained soil.
The reddish yellow (7.5Y R 6/8) mottles (or iron accumulations) were also present
in the Bt4 horizon. It would be assumed that the seasonal water table would be
below 66 inches, while there might be brief periods where it would spike or rise
above that depth. These soils normally do not exhibit awater table within 5-feet
of the surface. On this landscape position and to the described soil depth the
manganese was used as the only wetness indicator.

The Fall of 1999 was dry and areview of the reading points for that period
confirms that information. The list of reading points from December 1999 to
February 2000 lists all readings between 41.3 and 41.4 inches. The water table
hydrograph of February-June 2000 indicates the presence of free water in the
soil at adepth of 39.8-41.4 inches for February and March of that period. The
graph appears to indicate water readings above the 41.4-inch level. The VVL-40
data logger records readings to a depth of 40 inches by design. By telephone
conversations with the staff of Remote Data Systems, Inc., | have learned there
will often be a1 to 2 inch accumulation of soil material in the bottom of the data
logger housing. This soil material will often hold moisture and hence give afalse
positive reading. Using the formula (" Countir') for February - June 2000, water
was present 1 day in the 36.1 to 39.7 depth range.

The July-December 2000 hydrograph shows the lowest dry level of 41.4 inches.
The wettest or highest point the water table attained was 39.4 inches during the
six-month period. The July-December Groundwater Data Table shows the
surface of the free water being in the 36.1-39.5 inch zone for 9 days. There were
297 readings (readings divided by 4 equal's days) or 74 days where the surface
of the free water level was recorded between 39.6 and 41.3 inches. There were
439 dry readings recorded between 41.3 and 42 inches. The 439 readings
convert to 109 days where the data logger readings recorded a dry hole.

Readings between 39.5 and 42 inches correspond to the depth where mottles
occur. However, no relationship can be drawn considering the presence of
manganese. In this profile manganese began appearing at nine inches and
continues to the bottom of the profile or 66 inches. The datalogger isrecording
the surface of the free water in the Bt4 horizon. But the recordings are in the
lower inch of the data logger's capabilities.






CONCLUSIONS:

This site had precipitation levels near normal for the majority of the study period.
In spite of normal moisture periods, there was very little free water present for
significant periods of time during the winter and spring. In addition, the depth to
free water was much deeper than where manganese stains or concretions were
observed in the soil. Once the water table rose in the sail, it stayed between the
36.1 to 39.5 inch depth range for 37 readings. All 37 readings were below 39.4
inches. These are not consecutive readings but indicate a recorded reading at
different six-hour intervals. For the entire study period the datalogger has
indicated the Water level to be within an inch of the bottom for an extended period
of time.

For approximately 699 readings the water level is recorded between 39.6 and 42
inches. The WL-40 records to 40 inches by design, yet here are 699 readings
within 0.4 tenths of an inch of the design capacity. Also considering the chance of
the lower inch or two of the data logger housing containing sediment which may
hold moisture possibly causing false readings, not much significance can be
attributed to the readings. Part of the moisture may also be considered to come
from condensation on the inside walls of the data logger dripping or running to
the bottom of the housing unit.

No free water level readings were ever recorded in the upper Bt horizons.
Manganese was distributed throughout the profile from 9 to 66 inches. During the
14-month period all readings were lower than 39.4 inches! No spikes or sharp
rises were noted on the hydrographs. The datalogger is very sensitive and did
record many 01-inch changes during the period. Soil water does not move up

and down in 0.1-inch increments on adaily basisfor long periods of time. There-
fore these measurements are questionabl e to use to make any definitive
statements. The frequent moisture level changes may be from condensation or
moisture held in the soil accumulated in the bottom of the screen.

The hydrograph for the month of January 2001 shows the same problem as the
other study periods except the graph is for one month only. With only a month
the graph is enlarged more showing the small sharp rises and falls with atotal
span of 0.4 inch more clearly. During the 23-day period there were 92 readings
taken by the datalogger. All 92 readings were within 0.4 inch spacing. Even with
the unit showing groat sensitivity no statements should be made as to the
relationship between the water table levels and manganese at depths near 40
inches in thiswell.



Manganese as a moisture clue in soil and site evaluation should be altered to
"soft manganese concretions or many manganese stains and or concretions'
being required instead of manganese alone. "Few" manganese stains or
concretions appear in nearly all-upland soils in central through western Virginia.
To simply refer to any manganese as wetness and use as a reason for rejection
eliminates greater than 60% to 70% (my estimate) of the area mentioned.
Manganese as a morphological clue needs additional study and to be redefined if
it isto be used as alimiting factor.

If the 36 to 42 inch depth rangeis crucial for a study then a WL-80 data logger
should be incorporated to remove these observed problems from being a
possible factor. On sloping sites in the Piedmont, Blue Ridge, Limestone Valley
and Cumberland Plateau areas additional soil depth is required by the VDH
Regulations for the installation of onsite systems. Often the required soil depths
would be at or close to the 40-inch depth. It would be this type of situation that a
WL-80 should be required instead of a WL-40 that might give questionable
results.

The results of the study strongly suggest that a manual well should be installed
as a cross check with the data logger. Checking the moisture levelsin a manual
well probably would have solved the questionable measurements made by the
datalogger.

A battery checker, such as Radio Shack's LCD Digital Multimeter, should be
used during each monthly or bimonthly site visit to download data from the wells.
While the Remote Data Systems, Inc., advertises ayear as the life span of a
battery, the well at this site wore out batteriesin 30 to 60 days. Without frequent
checking of the battery strength, data would be lost during a study.

There were no soil morphologic features that could be related to the presence of
water in the soil for the number of days observed. In other words, there was no
clue that this soil was wet at 39 to 40 inch depths. Under normal precipitation, it
would be expected that the seasonal water table would be in the Bt horizons for
‘at least some period of time if manganese as a morphologic feature actually
related to soil moisture.

-,With the well located along the edge of the drainageway, water level readingsin
the well should have been numerous due to the effect of the drainageway. For

this site no relationship was observed between soil morphologic features, data
logger readings and |andscape position.



The location of this site on alower sideslope, with an upslope watershed, should
have Contributed to the water levelsin the soil. During the winter-spring periods
when plants were dormant and the evapotranspiration rate was very low,
moisture not held in the soil moved downslope towards this site. The data logger
never recorded any water movement. No abrupt lowering of the water table was
recorded when the plants began leafing-out in their growth cycle.

Aswas noted earlier, this soil exceeded the minimum state requirements for a
conventional gravity drainfield, based on soil morphology. Moving several feet
away from the drainageway eliminated the landscape position problem.



Groseclose loam
Profile for Well # 1 (WL40)

Ap--0to 9 inches; dark brown (7.5Y R 3/4) heaw loam, friable, slightly sticky,
dightly plastic; abrupt smooth boundary.

Bt1--9 to 16 inches; strong brown (7.SYR 5/6) clay loam; weak fine and medium
subangular blocky structure; slightly firm; dlightly sticky and slightly plastic; few
black manganese stains; 5 percent chert gravel; clear smooth boundary.

Bt2--16 to 32 inches; strong brown (7.5Y R 5/6) clay; moderate medium and
strong subangular blocky structure; firm, sticky and plastic; few black manganese
stains; 5 percent chert gravel; clear wavy boundary.

Bt3--32 to 40 inches; yellowish red (5Y R 5/8) heavy clay; moderate medium
subangular blocky structure; firm, sticky and plastic; thin clay films on faces of
peds; common manganese stains; 5 percent chert gravel; gradual weathered
boundary.

Bt4--40 to 66 inches; strong brown (7.5YR 5/6), reddish yellow (7.5YR 6/8),
Ipinkish gray (7.5YR 7/2) heavy clay; moderate coarse prisms parting to coarse
subangular blocky structure, firm, sticky and plastic; clay films on sides of prisms,
common manganese stains on sides of prisms; few to common manganese
concretions present.

Remarks: This profile description taken from an auger hole in aweedy area
below the edge of a cornfield. The well location was ten feet out of the midline
of asmall drainway.



Table| - - Groseclose silt loam Groundwater Data Table
December 1999 ( 24 Days)
Gratton, Data Logger Well # 1

Well #1
Percent

Depth Number Percent Cumulative Cumulative

Range (in.) of Days Time Days Days

0-6 0 0O O 0

6.1-12 0 0O O 0

12.1-18 0 0O O 0

18.1-24 0 0O O 0

24.1-30 0 0O O 0

30.1-36 0 0O O 0

36.1.-40 0 0O O 0}

Dry 24 100 24 100
Number of Days column refersto the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the depth
range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.
Percentage of Cumulative Days refers to the percent of total time the water was present within
the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Table 1 - - Groseclose silt loam Groundwater Data Table
February - June, 2000 (148 Days)
Gratton, Data Logger Well # 1

Well #1

Percent
Depth Number Percent Cumulative Cumulative
Range (in.) of Days Time Days Days
0-6 0 0O O 0
6.1-12 0 0O O 0
12.1-18 0 0O O 0
18.1-24 0 0O O 0
24.1-30 0 0O O 0
30.1-36 0 0O O 0
36.1-39.7 1 1 1 1
Dry 147 99 147 99

Table 2 - - Groseclose silt loam Groundwater Data Table
July - December, 2000 (184 Days)
Gratton, Data Logger Well # 1

Well #1
Percent

Depth Number Percent Cumulative Cumulative

Range (in.) of Days Time Days Days

0-6 0 0O O 0

6.1-12 0 O O 0

12.1-18 0 0O O 0

18.1°24 0 0O O 0

24.1-30 0 0O O 0

30.1-36 0 0O O 0

36.1-39.5 9 5 9 5

Dry 175 95 175 95
Number of Days column refers to the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the depth
range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.

Percentage of Cumulative Days refers to the percent of total time the water was present within
the depth range.



DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of datalogger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.



Table| - - Groseclose silt loam Groundwater Data Table
January 2001 ( 23 Days)
Gratton, Data Logger Well # 1

Well #1
Percent

Depth Number Percent Cumulative Cumulative

Range (in.) of Days Time Days Days

0-6 0 0O O 0

6.1-12 0 0O O 0

12.1-18 0 0O O 0

18.1-24 0 0O O 0

24.1-30 0 0O O 0

30.1-36' 0 0O O 0

36.1-39.3 0 0O O 0

Dry 23 100 23 100
Number of Days column refersto the number of days the surface of the free water was present
within the depth range.
Percentage of Time column refers to the percent of time the water was present within the depth
range.
Cumulative Days column refers to the total number of days the water was present within the
depth range.
Percentage of Cumulative Days refersto the percent of total time the water was present within
the depth range.

DRY corresponds to the number of readings (converted to days) where the monitoring well
recorded no water in the hole.

Days in the column headings corresponds to the number of data logger readings within a depth
range divided by the number (normally 2, 4 or 8) of data logger readings per day.
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SOIL EVALUATED: Jackland silt loam
LOCATION:

The study siteisin the Triassic Basin within Piedmont province in northwest Pdnce
William County, Virginia. Refer to the accompanying portion of the U.S. Geological
Survey topographic map for the general topography and landforms. The accompanying
site sketch shows the location of 'the automated dataloggersin a open mature
hardwood forest.

RATIONALE FOR SITE SELECTION:

The study site has Jackland soils that are not commonly used for conventional septic
'system drainfields because of very slow permeability and very high shrink-swell
potential in the Bt horizon, soil wetness features, and shallow depths to weathered
bedrock. The Jackland and related soils comprise thousands of vacant acresin Prince
William, Fairfax, Loudoun, Fauquier, and Culpeper Counties in northern Virginia. And
though the soils have severa limitations for many different uses (including drainfields),
the pressure to develop large tracts of land in Northern Virginiais intense and constant.
Even when developed using central water and sewer, Jackland and related soils can
present a host of problems, such as cracked house foundations, wet basements, and
rupture of gas and utility lines. Thereis quite abit of information on the physical
features and properties of Jackland, but not much watertable information.

SOIL AND SITE INFORMATION:

The Jackland study siteisin the Triassic basin of northern Virginia. Triassic basin soils
dominantly are reddish in color and derived from parent rocks called redbeds. These
sedimentary redbeds consist of reddish shale, siltstOne, fine-grained sandstone, and
some conglomerate. Throughout the Triassic basin, igneous diabase dikes have.
intruded the redbeds. The Jackland soil at the study site has developed in residuum
weathered from one of these diabase dikes.

The Jackland study siteison a nearly level upland fiat or summit and slopes range from
0 to 2 percent. Thereis a upland drainageway about 25 to 40 feet from the monitoring
wells, but it appears to have little affect on drainage of the soils because of the very
slow permeability in the clayey Bt horizons. The siteisin open mature hardwoods that
are part of alarge hardwood forest kept natural by the church organization that owns
the property.



The Soil Survey of Prince William County, Virginia (John H. Elder, Jr., 1989) hasthe
genera soil area mapped (Sheet 6) as 56A: Waxpool silt loam, 0 to 2% slopes; 28B:
Haymarket silt loam, 2 to 7% slopes; and 30B: Jackland silt loam, 2 to 7% slopes.
Waxpool, Haymarket, and Jackland soils are closely related and all formed in residuum
weathered from diabase, and in pla(~es basalt. According to the Prince William Sail
Survey, the Jackland soil isvery deep and moderately well drained and somewhat.
poorly drained. It has very high shrink-swell potential and slow and very slow
permeability in the clayey Bt horizons. The Jackland soil has a perched watertable | to
2 feet below the soil surface in winter and spring. It classifies as afine, smectitic, mesic
Aquic Hapludalf.

A detailed soil profile description was made at the site using a hand auger. "When
compared to the official soil series description for the Jackland soil (refer to the
Appendix), the Jackland soil at the study site falls within the range of characteristics for
the Jackland soil.

CLIMATIC DATA FOR THE STUDY SITE:

The Jackland study siteis very near Lake Manassas, which is 10 to 12 miles southeast

of The Plains. Weather datafrom The Plains (1999, 2000, 2001, and 29-year average)
were used to provide yearly and monthly precipitation figures for the study site. The
precipitation comparison graph for Fairfax and Prince William Counties shows how each
monthly precipitation total compares to the monthly 29-year averages (1961-1990).

During the November-December 1999 study period, precipitation was below normal.
Rainfall for the two months totaled 3.79 inches, which is 2.61 inches | ess than the 29-
year average total of 6.40 inches. In addition, much of Virginiawas having drought
conditions during 1999 and 2000. However, the Jackland soil still had a perched
watertable during the November-December 1999 study period.

During the January-June 2000 study period, total precipitation was 21.79 inches, which
was 1.54 inches more than the 29-year average of 20.25 inches. June had the most
precipitation at 6.55 inches followed by April with 4.72 inches. (June had the highest
total for any month during the study period from November 1999 to May 2001.)
February had the lowest precipitation, 1.98 inches, during the January-June 2000 study
period.

During the July-December 2000 study period, total precipitation was 20.33 inches,
which is 1.55 inches | ess than the 29-year average of 21.88 inches. August had the
highest total precipitation at 6.24 inches, and October had the lowest total at 0.16
inches. (October 2000 was also the' driest month in many other parts of eastern and
central Virginia. Only 0.05 inches were recorded in the Fredericksburg area during the



study period.) The anomalous dry October only serves to emphasize how well annual
precipitation is distributed in Virginia



For the final study period form January-May 2001 (Jackland watertable monitoring
ended May .25), total precipitation was 16.21 inches, nearly the same as the 29-year
average of 16.49 inches. March had the highest total at 5.61 inches while. February had
the lowest total at 1.64 inches.

For the entire study period beginning November 1999 and ending May 2001, total
precipitation was about normal as compared to the 29-year average. The major
deviations were the relatively dry months near the end of 1999, the relatively wetter than
normal months of June and August in 2000, and the much drier than normal month of
October 2000. All in al, the Jackland study site received sufficient precipitation to allow
natural watertables to occur.

RESULTS:

An automated data logger (VVL-20, or Jackland 20) wasinstalled at 20 inches and at 40
inches ONL-40, or Jackland 40) in the Jackland soil. The wells were 56 feet apart and

on the same nearly level upland fiat or summit. Both wells were in open mature
hardwoods. The 20-inch data logger was designed to measure watertable levelsin and
above the plastic clayey Bt horizon, while the 40-inch data logger was designed to
measure watertable levels in the diabase parent material and weathered bedrock.
Continuous automated data collection began on November 17, 1999 and ended on May
25, 2001.

The~Jackland soil (called Iredell soil in the southern part of Virginia) is one of the few
soilsin Virginiathat is rated by the National Cooperative Soil Survey as having very
high shrink-swell potential in the clayey Bt horizons. This very high shrink-swell
potential along with slow and very slow permeability in the Bt horizon should result in a
seasonally perched watertable during winter and spring.

The watertabl e hydrograph for November-December 1999 shows that free water wasin
the Jackland 20 nearly al the time. The well was dry for two daysin late November, but
otherwise the watertabl e fluctuated mostly between 2 to 12 inches below the soil
surface during the study period. The hydrograph even shows the watertable was about
one inch above the soil surface for aday or so, but thisis probably a quirk in the
mechanics of the data logger. It does not appear the watertable was above the actual

soil surface. Beginning in early December and ending in mid December, the Jackland
20 watertable had a repetitive pattern of rising sharply to a maximum in about a day,'
and then taking 3 to 6 days to gradually drop back to 5 to 10 inches below the soil
surface.



The watertable hydrograph for November-December 1999 in the Jackland 40 well
shows a prominent series of peaks and valleys similar to the Jackland 20 well. In fact,
beginning in December, the watertable level trends mirrored each other cloSely in both
wells. In late November though, the watertable trends were diametrically opposed, with
the Jackland 20 dropping to the dry level (watertable had dropped to about 21 inches or
more below the soil surface) while the Jackland 40 had risen sharply to two inches
below the soil surface. The Jackland 40 well was dry for several more days than the
Jackland 20 well.

The Jackland 20 Groundwater Data Table (GWDT) for November-December 1999
indicates free water was in the * and EBt horizons for 14 cumulative days, or 32% of
the time. Free water was in the Bt1 horizon for 32 cumulative days, or 73% of the time,
while the Bt2 had free water for 42 cumulative days or 95% of the time. The depth
range from 6.1 to 12 inches had the most days of free measured within it at 18. There
were .only two dry days.

The Jackland 40 GWDT for November-December 1999 had free watertable in the * and
EBt horizons for 6 cumulative days, or 14% of the time. The Bt1 horizon had free water
for 15 days, or 34% of the time. The very plastic, very high shrink-swell Bt2 horizon had
the surface of free water measured in it for 22 cumulative days, or 50% of the time.
(Note: it must be remembered that when the surface of the watertable isin a higher
horizon, it is assumed the lower horizon has free water in it also.) The Bt3 and CBt
horizons had free water for 28 cumulative days, or 64% of the time. There Were 14 dry
daysinthewell. It is surprising that the Jackland 40 well was able to "dry out" for this
many days, since the Bt horizons have slow and very slow permeability, and the
diabase parent'material isfirm and dense. In other words, it was expected that once

the Jackland soil got wet it would take along time for the groundwater to move laterally
or vertically in the soil. The Jackland 20 results for November-December 1999 appear
to be a good example of this. The depth range from 6.1-12 inches had the most wet
days recorded at 9.

The Jackland 20 hydrograph for January-June 2000 showed a watertable level that
fluctuated mostly between 2 to 12 inches, below the soil surface, especialy from
February through April. Beginning in early May, the watertable level dropped to 15-18
inches below the soil surface. This drop corresponds to spring time |leafing-out and
increasing evapotranspiration. The highest recorded watertable was generaly at the
soil surface. June 2000 had 6.55 inches of rain, yet there was not an equivalent spike

in the watertable for that month. The slow permeability in the Jackland Bt horizon may
have atempering and delayed effect in watertable response to a very wet time period.



The Jackland 40 hydrograph for January-June 2000 shows watertable trends cleady in
tune with the Jackland 20.. The most surprising feature is that the Jackland 40
watertable levels actually rise to the same or higher levels than the Jackland 20. March
watertable levels are a good example of this. Every peak and valley trend is present in
both wells, with the Jackland 40 watertable rising above the Jackland 20 levelsin most
of the peaks. The general conclusion isthat the Jackland 40 watertables are under the
same hydrostatic pressures as the Jackland 20 levels. However, the wells were
properly grouted with bentonite during installation so that the Jackland 20 well was
monitoring the plastic Bt horizon and the Jackland 40 well was monitoring the firm,
dense in place diabase parent material.

The Jackland 20 GWDT for January-June 2000 shows that free water was measured in
the A and EBt horizons for 44 cumulative days, or 24% of the time; in the Bt1 horizon 98
days or 53% of the time; and in the plastic clay' Bt2 hodzon 151 days, or 83% of the
time. There were 31 dry days when the watertable dropped below the monitoring level

of about 20 inches. The highest number of days where the free water surface level was
measured in a depth range was 54 in the 6.1-12 inch range.

The Jackland 40 GWDT for January-June 2000 shows that free water was in the A and
EBt horizons for 23 cumulative days, or 12% of the time. The Bt2 (using the 12 to 24

- inches depth range) had cumulative water for 66 days, or 36% of the time. The 40 inch
monitoring well was dry for atotal of 88 days, or 48% of the 182 day time span.

The hydrographs for the July-December 2000 Jackland 20 well and the Jackland 40
well again almost perfectly mirror each other, with the only difference being the
respective depths of the watertable. The Jackland 20 well stayed wet for the entire 184
day period, with the level mostly staying between 15 to 19 inches below the soil surface.
Watertable spikes above 15 inches occurred in July, August, and December. The
August spike isthe only one that roughly correlates with higher than average rainfall.
August received 6.24 inches of rain in 2000 and the spike rose to about 13 inches below
the soil surface. The Jackland 40 well stayed dry for most of the period, with only short
spikesin July, August, September, and December. Again, only the August spike
roughly correlates with relatively higher than normal rainfall for the month.

The Jackland 20 July-December 2000 GWDT shows that groundwater was not
measured in the A and EBt horizons. However, the Btl and the Bt2 had free water in
them for all 184 days. Thislong term wetness with little fluctuation fits the situation
where the plastic clayey Bt horizons get wet and do not "dry out" for along time.



The Jackland 40 July-December 2000 GWDT had atotal of 148 days of dry readings,
which was 80% of the 184-day span. And of the remaining 36 days in the time span, 21
to 36 days had free water between 30 to 40 inches below the soil surface. These long
dry periodsin the Jackland 40 parallel the wetness in the Jackland 20, only conversely.
Whereas the slowly permeable Bt horizon eventually gets wet and stays wet in the
Jackland 20 well, the firm and dense diabase parent material/rock in the Jackland 40 is
dry and stays mostly dry. Accepting this model implies that the clayey Bt horizonis
relatively unable to transmit groundwater to the underlying parent material horizons.

The Jackl~nd 20 and Jackland 40 hydrographsfor January-May 2001 are more of the
same! They perfectly mirror the watertable trends, and in al the peaks the 40 inch data
logger is essentially recording the same watertable levels as the 20 inch data logger.
From mid January to mid April the watertable fluctuated in both wells at mostly 0 to 10
inches below the soil surface.

The Jackland 20 GWDT for January-May 2001 shows free was measured at some

depth between 0 to 19 inchesfor all of the 145 day span. In other words, there were no
dry days. Free water wasin the A and EBt horizon for 47 cumulative days, or 32% of
the time; in the Bt1 for 96 cumulative days, or 66% of the time; and in the plastic clayey
Bt;? horizon for 145 cumulative days, or 100%. of the time. The "once wet stays wet"
model for the slowly permeable clayey Bt horizon seems to be at work.

The Jackland 40 GWDT for January-May 2001 shows that free water was measured in
the A and EBt horizon for 35 cumulative days, or 24% of the time; free water was in the
Bt1 horizon for 91 cumulative days, or 63% of the time; and free water was in the Bt2
horizon for 94 days, or 65% of the time.

In the Number of Days column, it is shown that the depth range from 0-6 and 6.1-12
combined had water in them for atotal of 91 days, which is 63% of the 145 day span.
Dry daysin the well were 44, or 30% of the span. If you consider the depth range wet
only when the surface of free water is measured in any particular depth range, (and not
cumulatively added together) the data table is showing that groundwater is dominantly
perched between 0 to 12 inches below the soil surface. Following thislogic, the depth
ranges below 12 are essentially dry, with atotal of only 5 days of free water surface
measured from 12.1-36 inches. The depth range from 36.1-39.7 inches had only 5 days
also. Thislogic roughly supports the ideathat the plastic clayey Bt horizon is perching
groundwater and istightly holding the water in place. At the same time, the diabase
parent material horizons and the depth ranges below 12 inches are relatively dry.
However, if this approach islogical, the weak point is how does the diabase parent
initially get wet, and how isit able to closely mirror the watertable peaks produced
above and within the Bt horizons?






CONCLUSIONS:

The Jackland 20 well stayed wet most of the time dudng the study. The surface of free
water was measured in some part of the soil between 0 to 19.5 inches below the soil
surface for atotal of 523 days, which is 94% of the 556 total daysin the project. There
were only 33 dry days recorded by the WL-20 data logger.

The bottom of the WL-20 datalogger is anchored in the Jackland Bt2 horizon. Referring
to the Jackland description at the study site, the Bt2. is from 12 to 23 inches bel Ow the
soil surface and is olive brown with a heavy clay texture. This Bt2 horizon has
pronounced plasticity, estimated very high shrink-swell potential, and estimated very
slow permeability (less than 0.06 inches per hour; Prince William County Soil Survey).
The horizon also has some grayish (2.5Y 4~2) streaks, many manganese stains, and a
few manganese concretions. It is expected that the Jackland soil would have a
pronounced perched watertable above and within the very plastic clayey Bt horizon.
The Soil Survey indicates the Jackland soil has a seasonally perched watertable at 1 to

2 feet below the soil surface from December through April.

When data logger depth ranges are grouped together to roughly correspond with the
horizon depths described for the Jackland soil, it can be seen that the A and EBt
horizons (0-6 inches) had the surface of free water present for 105 days, or 19% of the
556 total days. The Bt1 horizon (6-12 inches) had the surface of free water measured
init for 128 days, or 23% of the total 556 days. The Bt2. horizon (12-24 inches) had the
level of free water in it for 290 days, or 52% of the total 556 days.

The hydrographs for the Jackland 20 generally show quick spikes in the watertable,
followed by relatively gradual dropsin the watertable. The ssmple conclusion is that
increments of groundwater can be "quickly added" to the perched watertable above the
plastic Bt2 horizon, which causes rapid spikes. However, it takes several days for the
watertable to appreciably drop, whether by vertical or latera movement. The gradual
drops are controlled by the very slow permeability in the plastic clayey Bt2 horizon.

The Jackland 40 well stayed dry a bare majority of the time. The surface of free water
was measured in some part of the soil between 0 to 40 inches below the soil surface for
atotal of 261 days, or 47% of the 555 daysin the study period. The free water surface
was below 40 inches or dry for 294